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PREFACE 


Ten  experiments  were  conducted  at  the  Coastal  Engineering  Research 
Center  (CERC)  from.  1970  to  1972  as  part  of  an  investigation  of  the  Lab- 
oratory Effects  in  Beach  Studies  (LESS)*  to  relate  wave  height  varia- 
bility to  wave  reflection  from  a movable-bed  profile  in  a wave  tank.  The 
investigation  also  identified  the  effects  of  other  laboratory  constraints. 
The  LEBS  project  is  directed  toward  the  solution  of  problems  facing  the 
laboratory  researcher  or  engineer  in  charge  of  a model  study;  ultimately, 
the  results  will  be  of  use  to  field  engineers  in  the  analysis  of  model 
studies.  The  work  was  carried  out  under  the  CERC  coastal  processes 
program. 

This  report  (Vol.  Ill)  is  the  third  in  a series  of  eight  volumes  on 
the  LEBS  experiments.  Voltune  I describes  the  procedures  used  in  the 
10  LEBS  experiments,  and  also  serves  as  a guide  for  conducting  realistic 
coastal  engineering  laboratory  studies;  Volumes  J_I  to  VII  are  data  reports 
covering  all  experiments;  Volume  VIII  summarizes  the  LEBS"experiments 
detailed  in  the  earlier  volumes. 

This  volume  analyzes  two  movable-bed  experiments  run  under  nearly  the 
same  conditions  as  the  experiments  described  in  Volume  II.  As  in  Volume 
II,  these  repeat  experiments  show  a slower  approach  to  equilibrium  profile 
than  normally  anticipated  in  movable-bed  experiments,  and  a probable  re- 
lation between  tank  width  and  profile  development.  These  experiments 
indicate  an  even  greater  effect  of  profile  change  on  reflection  coeffi- 
cient, and  thus  on  wave  height  variability.  However,  the  effect  of 
temperature  on  the  profile  development  indicated  in  Volume  II  is  not 
supported  by  these  experiments. 

This  report  was  prepared  by  Charles  B.  Chesnutt,  principal  investigator, 
and  Robert  P.  Stafford,  senior  technician  in  charge  of  the  two  experiments. 
Dr.  C.H.  Everts,  now  Chief,  Geotechnical  Engineering  Branch,  supervised 
3 months  of  the  testing  reported  in  this  volume.  Dr.  C.J.  Galvin,  Chief, 
Coastal  Processes  Branch,  provided  general  supervision. 

Comments  on  this  publication  are  invited. 


Approved  for  publication  in  accordance  with  Public  Law  166,  79th 
Congress,  approved  31  July  1945,  as  supplemented  by  Public  Law  172,  88th 
Congress,  approved  7 November  1963. 
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LABORATORY  EFFECTS  IN  BEACH  STUDIES 
Volume  III.  Movable-Bed  Experiments  With  H^/L^  = 0.021  (1971) 

i>y 

Charles  B.  Chesnutt  and  Robert  P.  Stafford 


I.  INTRODUCTION 


1.  Background. 

Profiles  in  movable-bed,  coastal  engineering  laboratory  experiments 
and  models  with  constant  wave  and  sediment  conditions  are  expected  to 
reach  an  equilibriinn  shape  after  a sufficiently  long  time.  Laboratory 
studies  of  longshore  transport  often  depend  on  having  an  equilibrium 
profile  to  accurately  determine  the  longshore  transport  rate  (Savage, 
1959,  1962;  Fairchild, 1970a) . Coastal  engineering  models  are  frequently 
based  on  simulating  an  equilibrium  profile,  which  implies  a profile  whose 
mean  position  is  fixed  in  space  for  the  given  wave  and  sediment  condi- 
tions, with  the  expectation  that  the  actual  profile  at  any  given  time 
will  deviate  from  the  mean  profile.  However,  equilibrium  profiles  are 
not  always  easily  attained  (Savage,  1962;  Fairchild, 1970a) . 

The  Laboratory  Effects  in  Beach  Studies  (LEBS)  project  was  initiated 
at  the  Coastal  Engineering  Research  Center  (CERC)  in  1966  to  investigate 
the  causes  of  wave  height  variability  and  other  problems  associated  with 
movable-bed  coastal  engineering  laboratory  studies.  Ten  movable-bed 
laboratory  experiments  were  conducted  from  1970  to  1972  in  the  CERC 
Shore  Processes  Test  Basin  (SPTB)  to  measure  the  variations  in  reflec- 
tion as  the  profile  developed  toward  equilibrium.  The  10  experiments 
are  described  in  art',  8-volume  series  of  reports;  this  study  is  Volume  III 
of  the  series.  An  extended  discussion  of  the  contents  and  purposes  of 
this  series  is  available  in  Volume  I (Stafford  and  Chesnutt,  1977). 

The  first  two  experiments  discussed  in  Volume  II  (Chesnutt  and 
Stafford,  1977)  led  directly  to  the  two  experiments  described  in  this 
report.  These  two  experiments  were  conducted  primarily  to  relate  the 
variation  in  wave  height  to  changes  in  the  movable-bed  profile.  The 
experiments  were  to  continue  until  the  profile  reached  equilibrium,  at 
which  point  it  was  assumed  that  the  wave  height  variability  would  be 
significantly  reduced. 

However,  the  beach  had  eroded  to  the  back  of  the  tank  before  the 
profile  had  reached  equilibrium,  and  the  two  experiments  were  continued 
by  periodically  adding  sand  to  the  backshore.  Even  with  the  periodic 
nourishment,  the  profile  never  reached  equilibrium  and  the  wave  heights 
remained  variable. 
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The  two  experiments  discussed  in  this  study  were  repeats  of  the  first 
two-  experiments  with  more  sand  added  so  that  the  initial  test  length 
(distance  from  the  wave  generator  to  the  initial  Stillwater  level  (SWL) 
intercept)  was  shortened  by  7 feet  (2.1  meters)  in  both  tanks,  in  hopes 
that  the  erosion  would  not  reach  the  back  of  the  tank  before  the  profile 
attained  equilibrium. 

The  two  experiments  covered  in  this  study  have  been  discussed  in  part 
in  earlier  reports.  (Zhesnutt,  et  al.  (1972)  discussed  the  development  of 
the  profiles  in  four  LEBS  experiments,  including  the  two  in  this  study. 
Chesnutt  and  Galvin  (1974)  analyzed  the  relationship  between  reflection 
variability  and  profile  development  in  the  same  four  experiments  discussed 
by  Chesnutt,  et  al.  (1972).  Chesnutt  (1975)  analyzed  other  laboratory 
effects  observed  in  three  LEBS  experiments,  including  one  of  the  two  in 
this  volume. 

2.  Experimental  Procedures . 

The  experimental  procedures  used  in  the  LEBS  experiments  are  described 
in  Volume  I (Stafford  and  Chesnutt,  1977)  which  provides  the  necessary 
details  on  the  equipment,  quality  control,  data  collection,  and  data 
reduction  for  all  10  experiments. 

The  data  collection  and  reduction  procedures  unique  to  the  two  experi- 
ments in  this  study  are  documented  in  the  Appendix.  The  conditions  of 
these  two  LEBS  experiments  (71Y-06  and  71Y-10)  are  summarized  in  Table  1. 
The  table  shows  that  the  initial  slope,  water  depth,  wave  period,  wave 
lieight,  and  sand  size  were  the  same  in  both  experiments. 

Table  1.  Summary  of  experimental  conditions. 


Experiment^  Initial  test  Initial  Wave  Generated 
length  slope  period  wave  height 

(ft)  (s)  (ft) 


71Y-06  93.0  0.10 

71Y-10  54.7  0.10 


^Refer  to  Volume  I (Stafford  and  Chesnutt,  1977)  for 
relation  between  these  experiments  and  the  other  eight 
LEBS  experiments. 

NOTE. — The  same  sediment  was  used  in  Loth  experiments; 
the  initial  d^g  (by  dry  sieve  analysis)  was  0.23  milli- 
meter. 


Two  experimental  facilities  were  used  (see  Figs . 3 and  4 in  Vol.  I 
and  Fig.  A-1  in  the  App.).  Each  facility  consisted  of  two  side-by-side 
wave  tanks,  one  with  a 0.10  concrete  slope  and  the  other  a sand  slope. 

A generator  was  common  to  each  pair  of  tanks  so  that  each  had  identical 
wave  energy  input.  The  operation  of  the  generators  is  described  in 
Section  IV  and  Appendix  B of  Volume  I.  The  concrete  slope  provided  a 
control  (a  bench-mark  value)  for  the  varying  reflection  measured  in  the 
neighboring  tank  with  the  movable  bed. 
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The  basic  difference  between  the  two  facilities  was  the  tank  width. 
One  pair  of  tanks,  each  6 feet  (1.8  meters)  wide,  was  used  for  experi- 
ment 71Y-06;  the  other  pair,  each  10  feet  (3.0  meters)  wide,  was  used 
for  experiment  71Y-10.  The  initial  test  length  on  the  sand  side  was  93 
feet  (28.3  meters)  in  experiment  71Y-06  and  54.7  feet  (16.7  meters)  in 
experiment  71Y-10  (Table  1).  The  initial  test  length  was  7 feet  greater 
on  the  concrete  side  in  both  tanks. 


The  initial  grading  of  the  sand  slope  in  experiment  71Y-06  was  on  3 
May  1971.  The  first  run  was  on  11  May  1971,  the  last  run  was  on  8 Decem- 
ber 1971  after  380  hours,  and  the  data  collection  was  completed  13  Decem- 
ber 1971.  Experiment  71Y-10  began  18  June  1971,  stopped  on  30  November 
1971  after  335  hours,  and  data  collection  completed  16  December  1971. 

The  dates  are  important  because  the  experiments  were  run  in  outdoor 
facilities  with  water  temperature  varying  with  ambient  air  temperature. 
The  major  events  of  each  experiment  and  the  cumulative  time  at  the  end 
of  each  run  are  summarized  in  Table  2. 

Table  3 gives  the  data  collection  schedule  within  each  run  for  1-, 

2-,  and  5-hour  runs.  During  the  first  2 hours  when  the  runs  were  less 
than  1 hour  long,  the  same  data  were  collected,  with  the  schedule 
depending  on  the  length  of  the  run. 

3.  Subexperiraent  with  H_/L„  = 0.002. 


After  375  hours  in  experiment  71Y-06,  the  beach  had  eroded  to  the  end 
of  the  tank.  The  experiment  was  continued  for  an  additional  5 hours  with 
a much  longer,  lower  wave,  which  resulted  in  accretion  on  the  foreshore. 
The  experimental  conditions  unique  to  this  subexperiment  are  given  in  the 
Appendix. 

4.  Scope. 

This  report  describes  and  analyzes  the  reduced  data  from  LESS  experi- 
ments 71Y-06  and  71Y-10.  The  original  data  are  available  in  an  unpub- 
lished laboratory  memorandum  (No.  2)  (Chesnutt  and  Leffler,  1977)  filed 
in  the  CERC  library  (CERTI-LI)  . 

Wave  reflection,  profile  evolution,  sediment-size  distribution, 
breaker  characteristics,  and  water  tenperature  data  are  discussed  in 
Section  II.  Section  III  discusses  (a)  profile  development,  including 
the  interrelation  of  changes  in  profile  shape,  sediment-size  distribu- 
tion, breaker  characteristics,  and  water  tenperature;  and  (b)  profile 
reflectivity,  including  the  interrelation  of  changes  in  profile  shape, 
breaker  characteristics,  and  wave  reflection.  Section  IV  discusses  the 
results  of  wave  height  variability,  profile  equilibriinn,  and  other 
laboratory  effects. 

The  conclusions  and  recommendations  ^.Soc.  V)  are  directed  toward  the 
identification  and  solution  of  problems  facing  the  laboratory  researcher 


Cumulative  time* 
(hrtmia) 


370:00 


Wave  record  No. 


Experiment  71Y-06 


Su.-vey  No. 


Special  data 
ooBected 


und  rampler 


profile  survey, 
ripple  photos, 
sand  samples 


profile  survey, 
ripple  photos, 
sand  samples 


profile  survey, 
ripple  photos, 
sand  samples 


113 

1 117 

114 

118,119 

profile  survey, 
npple  photos, 
sand  samples 

115 

120 

116 

121 

117 

122 

118 

123 

.24. 125 

profile  survey, 
ripple  photos, 
sand  samples 

* Wave  records  were  taken  during  run  ending  at  cumulative  time  shown;  surveys,  sand  samples,  and  ripple 
photos  were  taken  after  the  run  endi  ig  at  the  cumulative  time  shown  (see  also  Table  3). 

^Increments  of  1. 

^Increments  of  2. 

^Increments  of  5. 
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Table  2.  Schedale  for  experimmti  71Y-06  and  7IY-10.-Cootiniied 


CuaMdative  time* 

Date 

Wave  reoofd  No. 

Survey  No. 

Special  daU 

0ur:.l.) 

(1971) 

eoBeeted 

1 EiEperiment  71Y-10  | 

0:00 

1 

0:10 

18  June 

001 

2 

0:25 

002 

3 

0:40 

003 

4 

1:00 

004 

5 

1:30 

005 

6 

2:00 

006 

7 

3:00 

007. 

8 

2 

2 

2 

9:00 

013 

14 

10:00 

9 July 

6u 

15 

12:00 

015 

16 

3 

2 

2 

24:00 

16  July 

021 

22,23 

profile  survey, 
ripple  photos, 
sand  saaaplea 

3 

2 

2 

50:00 

2 Aug. 

034 

36, 37 

profile  survey, 
ripple  photos, 
sar.:!  aw«nl*s 

3 

2 

2 

98:00 

058 

61 

100:00 

30  Aug. 

059 

62,63 

profile  survey, 
ripple  photos, 
sand  samples 

105:00 

060 

64  , 

4 

2 

2 

200:00 

4 Oct. 

079 

83,84 

profile  survey, 
ripple  photos, 
sand  samples 

4 

2 

2 

300:00 

9 Nov. 

099 

104, 105 

profile  survey, 
ripple  photos, 
sand  samples 

4 

2 

2 

335:00 

30  Nov. 

106 

112,113 

profile  survey, 
ripple  photos, 
sand  samples 

‘Wave  records  were  taken  during  run  ending  at  cumulative  time  shown;  surveys,  sand  samples,  and  ripple 
photos  were  taken  after  the  run  ending  at  the  cumulative  time  shown  (see  also  Table  3). 

^Increments  of  1. 

^Increments  of  2. 

^Increments  of  5. 
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Tabk  3.  Data  collection  schedule  within  runs  for  experiments  71Y*06  and  71Y-10. 


Event 

Time  within  runs  (hr:min)' 

1-hr  runs 

2-hr  runs 

5-hr  runs 

Photo  at  forediore  before  start 

before  start 

before  start 

before  start 

Photos  of  breaker  and  runup 

0:01 

0:01 

0:01 

Photos  of  breaker  and  runup  before  wave  envelope 

0:19 

0:59 

3:59 

Recording  of  wave  envelope  started 

0:20 

1:00 

4:00 

Preparation  of  visual  observation  form 

1:50 

4:50 

Photos  of  breaker  and  runup;  entry  of  breaker  and 
runup  stations  in  logbook 

0:59 

1:59 

4:59 

Photo  of  foreshore  after  water  surface  had  calmed 

after  stop 

after  stop 

after  stop 

Profile  survey 

after  stop 

after  stop 

after  stop 

Water  temperature  data  coUected  in  morning  and 
afternoon  of  each  day  of  testing;  however,  there 
may  have  been  more  than  one  run  during  each  day. 

* See  Table  2 for  distribution  of  1-,  2-,  and  5-hour  runs. 
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or  engineer  in  charge  of  a model  study.  Field  engineers  should  also  be 
aware  of  these  results  when  analyzing  model  studies  for  coastal  engineer- 
ing projects. 


1 
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The  data  in  this  study  (particularly  the  profiles)  may  have  other 
uses.  The  researcher  can  use  these  data,  after  consideration  of  the 
laboratory  effects,  to  analyze  short-  and  long-term  changes  in  profile 
shape.  After  an  analysis  of  the  scale  and  laboratory  effects,  the  field 
engineer  may  use  these  data  to  determine  generalized  shoreline  recession 
rates . 

II.  RESULTS 

1.  Wave  Height  Variability, 
a.  Incident  Wave  Heights. 

(1)  1.90-Second  Wave.  Wave  height  measurements  from  the  con- 
tinuous recording  of  water  surface  elevation  along  the  center  range  at 
{ station  +25  during  the  first  10  minutes  of  each  e;q)eriment  are  shown  in 

Table  4.  The  wave  heights  in  the  movable-bed  tanks  varied  from  0.26  to 
0.52  foot  (7.9  to  15.8  centimeters)  in  experiment  71Y-10,  and  from  0.20 
to  0.41  foot  (6.1  to  12.5  centimeters)  in  experiment  71Y-06.  Ignoring 
I the  first  groiq)  of  waves,  the  range  of  wave  heights  within  the  first  10 

minutes  was  0.11  foot  (3.4  centimeters)  in  experiment  71Y-10  and  0.10 
foot  (3.0  centimeters)  in  experiment  71Y-06,  In  the  fixed-bed  tanks, 
again  ignoring  the  first  grov^J,  the  range  of  wave  height  variation  was 
0.12  foot  (3.7  centimeters)  in  experiment  71Y-10  and  0.07  foot  (2.1 
centimeters)  in  experiment  71Y-06.  The  range  of  wave  height  variation 
j was  as  great  in  the  fixed-bed  tanks  as  in  the  movable-bed  tanks. 

The  average  wave  height  in  the  movable-bed  tank  for  each  record  was 
determined  by  averaging  the  average  of  the  last  10  waves  in  the  last 
I 20-second  interval  for  each  of  the  10  minutes.  In  experiment  71Y-10, 

the  average  wave  height  was  0.33  foot  (10.1  centimeters)  in  experi- 
I ment  71Y-06,  the  average  wave  height  was  0.36  foot  (11.0  centimeters). 

I Because  the  waves  were  recorded  at  the  same  distance  from  the  profile, 

the  difference  in  the  average  wave  height  is  likely  due  to  the  difference 
’ in  the  initial  test  length  which  affects  the  development  of  secondary 

I waves  or  re-reflection  from  the  wave  generator.  During  the  first  10 

I minutes,  there  was  little  difference  in  the  average  wave  height  between 

I the  movable-  and  fixed-bed  tanks  for  either  experiment,  even  though  the 

< gages  in  the  fixed-bed  tanks  were  7 feet  farther  from  the  profile. 

The  average  incident  wave  heights  in  the  fixed-bed  tanks  from  the 
I two  experiments  are  shown  in  Table  5.  These  heights  were  determined  as 

part  of  the  manual  method  for  determining  the  reflection  coefficient, 

(see  Vol.  I).  This  variation  is  probably  caused  by  generator  operation 
! variation,  measurement  errors,  and  all  errors  not  caused  by  a changing 

profile  in  both  movable-  and  fixed-bed  tanks.  The  range  of  variation 
j was  0.03  foot  (0.9  centimeter)  in  e3q)eriment  71Y-10  and  0.04  foot  (1.2 

j centimeters)  in  experiment  71Y-06. 


i 


M 


i 


! 


■i 

1 


1 


15 


w 

J I 


1:= 


00 

r 


TaUe  5.  Incident  wave  heighta  in  fixed-bed  tanks. 


Time  (hr) 


Incident  wave  height  (ft)* 


Experiment  71Y-06 


1.5 

0.38 

0.35 

6.0 

0.39 

2 

7.0 

0.35 

12.0 

0.38 

0.36 

22.0 

0.36 

— 

24.0 

0.34 

32.0 

0.38 

0.37 

42.0 

0.37 

— 

44.0 

0.35 

52.0 

0.38 

0.35 

62.0 

0.39 

0.36 

72.0 

0.39 

0.37 

82.0 

0.37 

0.36 

92.0 

0.38 

0.35 

105.0 

0.40 

0.35 

130.0 

0.39 

0.35 

155.0 

0.40 

0.37 

180.0 

0.39 

0.37 

205.0 

0.40 

0.37 

230.0 

0.39 

235.0 

0.37 

250.0 

0.34 

255.0 

0.38 

280.0 

0.38 

0.36 

305.0 

0.39 

0.37 

324.0 

0.39 

— 

330.0 

0.38 

334.0 

0.38 

— 

339.0 

0.38 

— 

344.0 

0.38 

349.0 

0.38 

— 

354.0 

0.38 

— 

359.0 

0.37 

— 

364.0 

0.38 

— 

369.0 

0.38 

374.0 

0.37 

Avg. 

1 0.38 

0.36 

Experiment  71Y -10 


* Each  value  ia  an  average  of  wave  heights  at  the  nodes  and 
antinodes  of  the  wave  envelope  for  run  ending  at  indicated  time. 
^Data  for  these  times  were  not  reduced. 


The  average  incident  wave  heights  in  the  novable-bed  tanks  from  the 
two  e^qperiments  are  shown  in  Table  6.  These  heights  were  deterained  as 
part  of  the  automated  method  for  determining  (see  Vol.  I).  The 

range  of  wave  heights  was  0.09  foot  (2.7  centimeters)  in  both  ejq>eriments. 
The  difference  in  range  of  variation  between  fixed-  and  movable-bed  tanks 
is  due  to  the  changing  shape  and  position  of  the  profile,  causing  a vary- 
ing re- reflection  from  the  wave  generator.  The  re-reflected  wave  super- 
posing with  the  generated  wave  created  an  incident  wave  which  varied  in 
time.  Thus,  the  variation  due  to  re-reflection  was  0.06  foot  (1.8  centi- 
meters) in  experiment  71Y-10  and  0.05  foot  (l.S  centimeters)  in  experi- 
ment 71Y-06. 

(2)  3.75-Second  Wave.  Table  7 shows  the  wave  height  measure- 
ments from  the  continuous  recording  of  water  surface  elevation  during 
the  first  10  minutes  of  waves  with  the  3.75-second  wave  period.  A well- 
developed  profile  was  created  by  375  hours  of  1.90-second  waves.  Wave 
heights  varied  from  0.09  to  0.15  foot  (2.7  to  4.6  centimeters)  in  the 
movable-bed  tank  and  from  0.09  to  0.16  foot  (2.7  to  4.9  centimeters) 
in  the  fixed-bed  tank.  The  average  wave  height  was  0.12  foot  in  both 
movable-  and  fixed-bed  tanks. 

The  average  incident  wave  height  for  runs  with  ctunulative  times  of 
375:40,  376:30,  and  378:00  were  0.15,  0.15,  and  0.16  foot  in  the  fixed- 
bed  tank  and  0.16,  0.14,  and  0.14  foot  (4.9,  4.3,  and  4.3  centimeters) 
in  the  movable-bed  tank,  respectively  (i.e.,  the  incident  wave  height 
variations  were  small). 

b.  Wave  Reflection.  The  reflection  coefficient  data  determined  by 
the  manual  method  in  experiments  71Y-06  and  71Y-10,  are  given  in  Table 
8.  Kff  data  determined  by  the  automated  method  and  a conparison  of  the 
two  methods  are  included  in  the  Appendix. 

(1)  1.90-Second  Wave.  The  variation  in  Kjj  from  the  concrete 
slope  in  experiments  71Y-06  and  71Y-10  is  shown  in  Figure  1.  The  K/j 
varied  from  0.10  to  0.16  in  experiment  71Y-06  and  from  0.09  to  0.12  in 
experiment  71Y-10.  In  both  fixed-bed  tanks,  the  increased  during 

the  early  part  of  the  tests  and  then  gradually  decreased.  The  e:q)lana- 
tion  is  not  apparent.  The  reason  for  a higher  Kff  in  the  narrower  tank 
is  imknown.  The  variation  in  in  the  fixed-bed  tank  indicates  the 

total  of  the  measurement  error  in  determining  from  the  changing 

movable-bed  profile.  The  average  in  the  fixed-bed  tanks  was  0.13 

in  experiment  71Y-06  and  0.10  in  e:q)eriment  71Y-10.  Chesnutt  and  Galvin 
(1974)  gave  average  K/j  values  between  0.03  and  0.07  for  these  experi- 
ments; however,  those  values  were  determined  by  the  automated  method 
which  gives  values  lower  by  0.04  to  0.05  (see  ^p.). 

The  variation  in  Kff  from  the  movable-bed  profile  in  e^eriments 
71Y-06  and  71Y-10  is  shown  in  Figures  2 and  3,  The  two  experiments  show 
the  same  pattern  of  variation.  The  K/j  during  the  first  10  minutes  on 
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Table  6.  Incident  wave  heights  in  movable-hed  tanks.— Continued 


Time  (hr) 

Incident  wave  height  (ft)’ 

Experiment  71Y-06 

Experiment  71Y-10 

194.0 

0.38 

0.37 

0.40 

0.35 

0.40 

0.38 

0.40 

0.41 

214.0 

0.39 

0.40 

219.0 

0.36 

0.40 

224.0 

0.35 

0.38 

229.0 

0.37 

0.39 

234.0 

0.34 

0.40 

239.0 

0.39 

0.38 

244.0 

0.41 

0.38 

249.0 

0.40 

0.38 

254.0 

0.40 

0.36 

259.0 

0.38 

0.34 

264.0 

0.40 

0.33 

269.0 

0.38 

0.33 

274.0 

0.36 

0.35 

279.0 

0.35 

0.35 

284.0 

0.35 

0.34 

289.0 

0.35 

0.35 

294.0 

0.36 

0.35 

299.0 

0.34 

0.36 

304.0 

0.36 

0.34 

309.0 

0.33 

0.36 

314.0 

2 

0.36 

319.0 

0.36 

0.36 

324.0 

0.38 

0.36 

329.0 

0.40 

0.38 

334.0 

0.40 

0.36 

339.0 

0.38 

344.0 

0.38 

349.0 

0.39 

354.0 

0.39 

359.0 

0.38 

364.0 

0.35 

369.0 

0.34 

374.0 

0.32 



*Each  value  ia  an  average  of  ware  heighta  along  the  tank  for  run  ending  at  indicated  time. 
^Data  for  theae  timea  were  not  reduced. 
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Table  7.  Wave  heights  during  first  10  minutes  of  long  waves  near  end  of  experiment  71 Y-06. 


Wave  height  (ft) 


* Waves  2 to  5. 
^Excludes  0 to  0:35 


measurement. 


Movable-bed  tank 

Fixed-bed  tan 

k 

(miu:s) 

(avg) 

(max) 

(min) 

(avg) 

(max) 

(min) 

0:00 

to 

0:35* 

0.131 

0.145 

0.110 

0.140 

0.158 

0.124 

0:4t 

to 

1:20 

0.109 

0.122 

0.090 

0.114 

0.121 

0.100 

1:40 

to 

2:20 

0.117 

0.134 

0.100 

2:40 

to 

3:20 

0.112 

0.124 

0.095 

0.108 

0.119 

0.097 

3:40 

to 

4:20 

0.112 

0.126 

0.093 

4:40 

to 

5:20 

0.117 

0.132 

0.090 

0.114 

0.119 

0.093 

5:40 

to 

6:20 

0.122 

0.147 

0.108 

6:40 

to 

7:20 

0.126 

0.143 

0.102 

0.114 

0.128 

0.098 

7:40 

to 

8:20 

0.121 

0.138 

0.100 

8:40 

to 

9:20 

0.116 

0.132 

0.098 

9:20 

to 

10:00 

0.115 

0.133 

0.094 

0.112 

0.128 

0.094 

Avg2 

0.118 

0.117 

Table  8.  Reflection  coefficient  by  manual  method  for  experimenta  71Y-06  and  71Y-10. 

I Kr  in  Experiment  71Y-06  T Kr  in  Experiment  71Y-10 


nine  (hr)  | 

Movable  bed 

Fixed  bed 

Movable  bed 

Fixed  bed 

0.3 

0.169 

0.177 

0.5 

0.127* 

0.160 

0.8 

0.108* 

0.119 

1.3 

0.113* 

0.122 

0.173 

0.088 

1.8 

0.130* 

0.134 

2.3 

0.126 

0.119 

3.3 

0.101 

0.156 

4.3 

0.095 

0.139 

5.3 

0.098 

0.138 

0.104 

0.107 

6.3 

0.132 

0.099 

7.3 

0.100 

0.092 

8.3 

0.091 

0.066 

9.3 

0.080 

0.073 

11.0 

0.097 

0.142 

0.070 

0.110 

13.0 

0.106 

0.059 

15.0 

0.081^ 

0.067 

17.0 

0.090 

0.056 

19.0 

0.097 

0.058 

21.0 

0.086 

0.142 

3 

23.0 

0.104 

0.048 

0.112 

25.0 

0.108 

0.056 

27.0 

0.092 

0.089 

29.0 

0.098 

0.095 

31.0 

0.102 

0.146 

0.070 

0.095 

33.0 

0.110 

0.053 

35.0 

0.115 

0.068 

37.0 

0.103 

0.076 

39.0 

0.088 

0.080 

41.0 

0.097 

0.130 

3 

43.0 

0.094 

0.063 

0.099 

»5.0 

0.099 

0.065 

47.0 

0.099 

0.066 

49.0 

0.098 

0.065 

51.0 

0.112 

0.150 

0.069 

0.102 

53.0 

0.112 

0.090 

55.0 

0.112 

0.069 

57.0 

0.106 

0.065 

Table  8.  Reflection  coefficient  by  manual  roetliod  for  experiments  71Y-06  and  71Y-10.— Continued 


Time  (hr) 

Kr  in  Experiment  71Y-06 

Kft  in  Experiment  71Y-10 

Movable  bed 

Fixed  bed 

Movable  bed 

Fixed  bed 

63.0 

0.114 

0.108 

65.0 

0.108 

0.087 

67.0 

0.102 

0.103 

69.0 

0.117 

0.104 

71.0 

0.112 

0.130 

0.088 

0.119 

73.0 

0.108 

0.100 

75.0 

0.126 

0.099 

77.0 

0.102 

3 

79.0 

0.108 

0.085 

81.0 

0.090 

0.120 

0.067 

0.102 

83.0 

0.0% 

0.053 

85.0 

0.100 

0.095 

87.0 

0.101 

0.078 

89.0 

0.092 

0.105 

91.0 

0.101 

0.137 

0.097 

0.121 

93.0 

3 

0.093 

95.0 

0.094 

0.101 

97.0 

0.111 

0.090 

99.0 

0.143 

0.089 

104.0 

0.126 

0.142 

0.075 

0.106 

109.0 

0.103 

0.119 

114.0 

0.100 

0.071 

119.0 

0.113 

0.078 

124.0 

0.087 

0.094 

129.0 

0.126 

0.156 

0.085 

0.109 

134.0 

0.113 

0.086 

139.0 

0.128 

0.033 

144.0 

0.112 

0.098 

149.0 

0.122 

0.102 

154.0 

0.145 

0.126 

3 

0.099 

159.0 

0.140 

0.064 

164.0 

0.134 

0.080 

169.0 

0.144 

0.067 

174.0 

0.139 

0.099 

179.0 

0.195 

0.144 

0.074 

0.092 

184.0 

0.146 

0.102 

189.0 

0.135 

0.114 

194.0 

0.145 

0.093 

199.0 

0.168 

0.093 

^ot  analyzed  by  this  method. 
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Table  8.  Reflection  coefficient  by  manual  method  for  experiments  71 Y-06  and  71 Y-10,— Continued 


Time  (hr) 


K|{  in  Experiment  71  Y-06 


Movable  bed 


239.0 

0.231 

244.0 

0.140 

249.0 

0.154 

254.0 

0.162 

0.137 

259.0 

0.169 

264.0 

0.169 

269.0 

0.137 

274.0 

0.143 

279.0 

0.178 

0.130 

284.0 

0.171 

289.0 

0.177 

294.0 

0.186 

299.0 

0.174 

304.0 

0.179 

0.126 

309.0 

0.229 

314.0 

0.246 

319.0 

0.271 

324.0 

0.234 

0.137 

329.0 

0.132 

0.122 

334.0 

0.128 

0.127 

339.0 

0.109 

0.124 

344.0 

0.107 

0.125 

349.0 

0.141 

0.125 

354.0 

0.143 

0.127 

359.0 

0.257 

0.121 

364.0 

0.184 

0.113 

369.0 

0.232 

0.109 

374.0 

0.296 

0.099 

375.3“ 

376.2“* 

377.3“ 


“Wave  period  is  3.75  seconds;  wave  period  is  1.90  seconds  for  all  other  times. 
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the  movable-bed  side  is  assumed  to  be  about  the  same  as  the  average 
values  in  the  fixed-bed  tanks;  i.e.,  0.13  in  the  6- foot  tank  and  0.10 
in  the  10- foot  tank.  The  first  measured  values  of  from  the  movable- 

bed  profile  (recorded  between  12  and  20  minutes)  increased  to  0.17  in  the 
6- foot  tank  and  0.18  in  the  10-foot  tank.  These  are  significant  increases, 
but  not  as  great  as  inferred  in  Chesnutt  and  Galvin  (1974).  After  the 
initial  higji  values  and  for  the  first  10  hours,  varied  from  0.07  to 

0.17.  For  an  extended  period  of  time,  the  was  relatively  small 

(K/j  < 0.14  for  148  hours  in  the  6-foot  tank  and  < 0.13  for  210  hours  in 

the  10- foot  tank).  For  the  remainder  of  each  experiment,  the  in- 

creased in  mean  value  and  variability,  varying  from  0.11  to  0.30  in 
experiment  71Y-06  and  from  0.06  to  0.16  in  e3q)eriment  71Y-10. 

In  general,  the  reflection  coefficient  varied  from  0.03  to  0.30, 
which  is  a large  variation  considering  the  generated  wave  conditions 
were  held  constant. 

(2)  3.75-Second  Wave.  During  the  5 hours  of  experiment  71Y-06 

when  the  wave  period  was  3.75  seconds,  the  at  cumulative  times  of 

375:20,  376:10,  and  377:20  was  0.29,  0.36,  and  0.27  in  the  movable-bed 
tank  and  0.34,  0.31,  and  0.35  in  the  fixed-bed  tank.  Reflection  from 
the  movable  bed  was  slightly  lower  on  the  average,  but  the  values  varied 
over  a greater  range. 

2.  Profile  Surveys. 

a.  Interpretation  of  Contour  Movement  Plots.  The  profile  surveys 
(discussed  in  Vol.  I)  measured  the  three  space  variables  of  onshore- 
offshore  distance  (station),  alongshore  distance  (range),  and  elevation 
at  fixed  times  (Table  2)  during  the  experiment.  The  CONPLT  method  (see 
Vol.  I)  for  presenting  the  data  involves  fixing  the  alongshore  distance 
by  selecting  data  from  a given  range  and  analyzing  the  surveys  along 
that  range.  The  surveyed  distance-elevation  pairs  along  that  range  are 
used  to  obtain  the  inteipolated  position  of  equally  spaced  depths;  e.g., 
-0.1,  -0.2,  and  -0.3  on  the  hypothetical  profile  in  Figure  4(a).  These 

contour  positions  from  each  survey  are  then  plotted  against  time  (Fig. 

4,b). 

A horizontal  line  in  Figure  4(b)  represents  no  change  in  contour 
position.  An  iqjward- sloping  line  indicates  landward  movement  of  contour 
position  (i.e.,  erosion);  a downward-sloping  line  indicates  deposition. 

The  slope  of  a line  indicates  the  horizontal  rate  of  erosion  or  deposi- 
tion at  that  elevation.  The  three  x's  at  time  ta  (Fig.  4,b)  indicate 
multiple  contour  positions  at  elevation  -0.2  which  is  shown  by  the  inter- 
section of  the  dashline  with  profile  tz  in  Figure  4(a). 

Three  types  of  contour  movement  plots  included  in  this  study  are: 

(a)  The  seawardmost  intercepts  along  one  range  for  specified  depths; 

(b)  the  seawardmost  intercepts  for  one  selected  depth  along  all  ranges; 
and  (c)  all  contour  intercepts  including  multiple  intercepts  along  one 
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t range,  for  up  to  12  selected  depths.  The  coordinate  system  used  for 

i the  contour  movement  plots  is  shown  in  Figure  5. 

’ The  following  elevations  are  referred  to  in  the  discussion  that 

follows:  0.2  foot  (6.1  centimeters),  0.3  foot  (9.1  centimeters),  0.4 
foot  (12.2  centimeters),  0.5  foot  (15.2  centimeters),  0.6  foot  (18.3 
centimeters),  0.7  foot  (21.3  centimeters),  0.8  foot  (24.4  centimeters), 

0.9  foot  (27.4  centimeters),  1.2  feet  (36.6  centimeters),  1.4  feet  (42.7 
centimeters),  and  2.1  feet  (64.0  centimeters). 

b.  Profile  Zones.  Definitions  of  coastal  engineering  terms  used  in 
LEBS  reports  conform  to  Allen  (1972)  and  the  Shore  Protection  Manual  (SPM) 
(U.S.  Army,  Corps  of  Engineers,  Coastal  Engineering  Research  Center,  1975). 
For  the  profile  zones  in  this  study,  the  boundary  between  the  foreshore 
and  inshore  zones  is  defined  at  elevation  -0.2  foot. 

The  seaward  edge  of  the  inshore  zone  is  defined  as  extending  through 
the  breaker  zone.  The  boundary  between  the  inshore  and  offshore  zones 
for  these  experiments  is  at  elevation  -0.8  foot. 

A definition  sketch  of  the  profile  zones  is  shown  in  Figure  6.  The 
profile  in  each  experiment  developed  in  a similar  sequence.  Early  pro- 
files (broken  line  in  Fig.  6)  had  a steep  foreshore,  a short  inshore 
zone  with  a longshore  bar,  and  a gently  sloping  offshore  zone.  Later 
profiles  (dashline  in  Fig.  6)  also  had  a steep  foreshore  zone,  but  the 
inshore  zone  widened  to  a long,  flat  shelf  which  terminated  in  a rela- 
tively steep  offshore  zone.  This  development  is  shown  by  contour  move- 
ment plots  (Figs.  7 to  14)  of  the  seawardmost  contour  intercepts  for 
elevations  at  0. 1- foot- depth  increments  from  +0.2  to  -2.1  feet.  Figures 
7,  8,  and  9 are  for  ranges  1,  3,  and  5 in  experiment  71Y-06;  Figures  10 
to  14  are  for  ranges  1,  3,  5,  7,  and  9 in  experiment  71Y-10.  The  heavier 
lines  for  the  -0.2-  and  -0.8- foot  contours  distinguish  the  three  profile 
zones  in  the  figures.  In  the  foreshore  and  offshore  zones  the  contour 
lines  are  close  together  indicating  steeper  slopes;  in  the  inshore  zone 
the  lines  are  spaced  farther  apart  indicating  flatter  slopes. 

(1)  Foreshore  Zone.  Within  the  first  hour  of  each  e:q)eriment, 
the  foreshore  developed  the  basic  shape  which  it  maintained  throughout 
experiment  71Y-10  and  until  the  wave  period  was  changed  in  experiment 
71Y-06,  as  shown  in  the  contour  movement  plots  of  the  foreshore  zone  for 
the  first  10  hours  of  experiments  71Y-06  (Fig.  15)  and  71Y-10  (Fig.  16). 
The  foreshore  maintained  basically  the  same  shape  (see  Figs.  7 to  14)  but 
retreated  as  material  was  eroded  from  the  foreshore  and  backshore  (t;q)ward- 
sloping  lines  in  the  figures). 

Although  the  contour  lines  of  the  foreshore  moved  together,  the  lines 
were  not  always  parallel,  indicating  a variation  in  foreshore  slope  with 
time  at  each  range  (Figs.  7 to  14).  Table  9 gives  slope  values  at  the 
SWL  intercept  for  the  regularly  surveyed  profiles  in  experiments  71Y-06 
and  71Y-10.  The  steepest  slope  was  about  0.56,  and  the  flattest  slope 
was  0.08;  the  average  slope  was  about  0.20. 
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Definition  of  coordinate  system 


Definition  sketch  of  profile  zones  (experiment 


istonce  from  Original  SWL  Intercept  (ft) 


t 


Figure  9.  Profile  chances  alone  ranee  5.  experiment  71Y-06. 
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Figure  12.  Profile  changes  along  range  5,  experiment  71Y-10. 
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TaUc  9.  Slope  ol  the  beach  lace  at  the  SWL  iaterceptiii  experimenta  71Y-06  and  71Y-10.— Cootiniied 


Taapeat  ot  the  dope 


Cumulative  time  (hr) 

Ranpe  1 

Range  3 

Range  5 | 

Ranr  7 

Range  9 

71Y-06 

71Y-10 

71Y-06 

71Y-10 

71Y-06 

71Y-10 

71Y-10 

71Y-10 

64:00 

0.24 

0.26 

0.12 

0.18 

0.12 

0.22 

0.22 

0.20 

66:00 

0.22 

0.16 

0.24 

0.22 

0.18 

0.20 

0.20 

0.16 

68:00 

0.24 

0.46 

0.22 

0.12 

0.24 

0.24 

0.16 

0.18 

70:00 

0.24 

0.18 

0.22 

0.20 

0.24 

0.14 

0.16 

0.18 

72:00 

0.18 

0.26 

0.14 

0.14 

0.20 

0.12 

0.20 

0.20 

74:00 

0.18 

0.20 

0.18 

0.12 

0.24 

0.18 

0.20 

0.16 

76:00 

0.20 

0.26 

0.20 

0.28 

0.20 

0.26 

0.26 

0.18 

78:00 

0.26 

0.26 

0.14 

0.14 

0.22 

0.24 

0.18 

0.14 

80:00 

0.20 

0.26 

0.26 

0.12 

0.16 

0.18 

0.22 

0.24 

82:00 

0.16 

0.18 

0.26 

0.38 

0.24 

0.44 

0.20 

0.18 

84:00 

0.52 

0.50 

0.30 

0.12 

0.40 

0.16 

0.22 

0.20 

86:00 

0.20 

0.24 

0.14 

0.12 

0.16 

0.42 

0.22 

0.24 

88:00 

0.32 

0.34 

0.30 

0.10 

0.20 

0.18 

0.22 

0.18 

90:00 

0.20 

0.24 

0.20 

0.14 

0.24 

0.22 

0.22 

0.20 

92:00 

0.20 

0.26 

0.14 

0.16 

0.18 

0.16 

0.20 

0.24 

94:00 

0.36 

0.18 

0.10 

0.22 

0.24 

0.20 

0.18 

0.20 

96:00 

0.16 

0.22 

0.26 

0.14 

0.32 

0.14 

0.12 

0.18 

98:00 

0.28 

0.20 

0.22 

0.16 

0.28 

0.28 

0.16 

0.22 

100:00 

0.22 

0.28 

0.26 

0.16 

0.18 

0.36 

0.22 

0.18 

105:00 

0.14 

0.16 

0.22 

0.14 

0.22 

0.22 

0.14 

0.20 

110:00 

0.22 

0.22 

0.20 

0.24 

0.18 

0.22 

0.24 

0.28 

115:00 

0.32 

0.10 

0.30 

0.20 

0.26 

0.10 

0.20 

0.18 

120:00 

0.18 

0.20 

0.20 

0.24 

0.20 

0.18 

0.20 

0.20 

125:00 

0.22 

0.24 

0.24 

0.16 

0.20 

0.16 

0.24 

0.20 

130:00 

0.20 

0.22 

0.14 

0.20 

0.22 

0.18 

0.22 

0.16 

135:00 

0.24 

0.24 

0.24 

0.14 

0.20 

0.12 

0.24 

0.20 

140:00 

0.20 

0.14 

0.20 

0.20 

0.18 

0.14 

0.20 

0.10 

145:00 

0.20 

0.16 

0.20 

0.20 

0.22 

0.38 

0.38 

0.32 

150:00 

0.22 

0.12 

0.20 

0.26 

0.18 

0.20 

0.24 

0.22 

155:00 

0.18 

0.20 

0.22 

0.20 

0.20 

0.26 

0.24 

0.08 

160:00 

0.20 

0.20 

0.20 

0.18 

0.18 

0.18 

0.14 

0.24 

165:00 

0.24 

0.18 

0.18 

0.26 

0.14 

0.12 

0.24 

0.16 

170:00 

0.24 

0.22 

0.24 

0.24 

0.12 

0.14 

0.24 

0.18 

175:00 

0.18 

0.18 

0.24 

0.22 

0.28 

0.18 

0.44 

0.20 

180:00 

0.20 

0.20 

0.28 

0.16 

0.18 

0.16 

0.32 

0.16 

185:00 

0.16 

0.22 

0.20 

0.14 

0.12 

0.14 

0.20 

0.18 

190:00 

0.18 

0.22 

0.22 

0.32 

0.18 

0.14 

0.20 

0.22 

195:00 

0.18 

0.24 

0.20 

0.18 

0.10 

0.14 

0.20 

0.14 

200:00 

0.14 

0.16 

0.12 

0.18 

0.14 

0.20 

0.56 

0.24 

205:00 

0.22 

0.24 

0.20 

0.20 

0.20 

0.14 

0.18 

0.14 

210:00 

0.18 

0.22 

0.18 

0.22 

0.10 

0.22 

0.12 

0.18 
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The  lateral  variation  in  the  slope  of  the  foreshore  developed  as  a j 

result  of  concentrations  of  backwash,  which  created  gullies  or  flatter  j 

slopes.  The  flow  of  the  wave  uprush  and  backrush  for  the  same  wave  con-  j 

ditions  that  shaped  the  foreshore  is  discussed  in  Volume  II  (Chesnutt  j 

and  Stafford,  1977) . ■ 

Near  the  end  of  experiment  71Y-10,  the  changes  in  the  foreshore  zone 
became  more  complex  (Fig.  17).  Erosion  of  the  backshore  was  greatest  , 

along  the  outside  ranges.  A large  concentration  of  backwash  occurred 
along  the  center  of  the  tank  and  at  various  times  was  skewed  toward 
different  sides  of  the  tank.  The  steepest  slopes  were  not  perpendicular 
to  the  wave  approach.  A greater  lateral  variation  occurred  in  the  fore- 
shore zone  of  the  10-foot  tank  than  in  the  6-foot  tank. 


The  shoreline  (0  contour)  movement  along  the  several  ranges  of  the 
two  experiments  is  conqiared  in  Figure  18.  The  slope  of  the  0 contour 
indicates  the  shoreline  recession  rate.  Because  the  slope  of  the  back- 
shore  was  0.10  (and  not  flat),  the  volume  rate  of  erosion  was  not  con- 
stant and  increased  at  a rate  proportional  to  the  square  of  the  shore- 
line recession  rate.  The  lateral  variations  discussed  previously  are 
also  shown  in  the  top  set  of  curves  in  Figure  18  for  experiment  71Y-10. 
The  rate  of  shoreline  recession  increased  along  the  sides  of  the  tank, 
as  indicated  by  the  widening  of  the  family  of  curves,  with  range  5 on 
the  bottom  and  ranges  1,  7,  and  9 on  the  top. 


During  the  first  15  hours  the  shoreline  retreated  1.7  feet  (0.52 
meter)  in  experiment  71Y-06  and  2 feet  (0.61  meter)  in  experiment  71Y- 
10.  The  average  erosion  rate  in  e3q)eriment  71Y-06  between  15  and  375 
hours  was  0.025  foot  (0.76  centimeter)  per  hour.  The  rate  along  range 
5 in  e^eriment  71Y-10  between  15  and  335  hours  was  0.016  foot  (0.49 
centimeter)  per  hour.  At  205  hours  the  erosion  rate  along  the  outside 
ranges  increased  from  0.016  to  0.025  foot  per  hour. 

(2)  Inshore  Zone.  Within  the  first  hour  of  each  experiment,  a 
longshore  bar  developed  at  the  shoreward  end  of  the  inshore  zone  between 
elevations  -0.2  and  -0.5  foot.  Later,  but  at  different  times,  the  bar 
disappeared,  and  the  area  between  elevations  -0.2  and  -0.5  foot  steepened, 
and  a long,  flat  shelf  developed  between  elevations  -0.5  and  -0.8  foot. 

The  shelf  continued  to  grow  in  length  for  the  remainder  of  the  experi- 
ments. Changes  in  the  inshore  zone  are  divided  into  an  inner  region 
(between  elevations  -0.2  and  -0.5  foot)  and  an  outer  region  (between 
-0.5  and  -0.8  foot). 

(a)  Inner  Region  (Experiment  71Y-06) . The  movement  of  all 
contour  intercepts  in  the  inshore  zone  along  the  three  ranges  for  experi- 
ment 71Y-06  is  shown  in  Figures  19,  20,  and  21;  the  movement  of  selected 
individual  contours  along  the  three  ranges  is  compared  in  Figure  22. 

During  the  first  10  minutes  of  testing  a longshore  bar  formed  at  sta- 
tion +4.  For  the  first  200  hours  the  bar  crest  elevation  varied  between 
-0.3  and  -0.4  foot,  and  the  bar  moved  in  the  shoreward  direction  at  an 
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Figure  18.  Comparison  of  the  shoreline  (0  contour)  movement  in  experiments  71Y-06 
and  71Y-10. 


Distance  from  Origina  SWL  Intercept  (ft) 


Figure  21.  Changes  in  the  inshore  zone  along  range  5,  experiment  71Y-06. 
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average  rate  of  0.018  foot  (0.55  centimeter)  per  hour.  After  205  hours 
the  bar  was  eroded,  as  indicated  by  the  shoreward  movement  of  the  -0.3-, 
-0.4-,  and  -0.5-foot  contours  in  Figures  iy,  20,  and  21.  The  inner  region 
maintained  a fairly  steep  slope  from  220  to  375  hours  (shown  by  the  close 
spacing  of  the  -0.2-,  -0.3-,  -0.4-,  and  -0.5-foot  contours  in  Figs.  19, 

20,  and  21)  . 

The  movements  of  the  -0.3-  and  -0.4- foot  contours  along  the  three 
ranges  are  compared  in  Figure  22.  No  lateral  variation  apparently 
occurred  in  the  changes  of  the  inner  region,  other  than  minor  differences 
in  the  bar  crest  elevation  between  0 and  200  hours  (see  the  different 
positions  of  the  -0.3- foot  contour  in  Fig.  22). 

(b)  Outer  Region  (Experiment  71Y-06) . Although  some  deposi- 
tion occurred  during  the  first  2 hours  which  moved  the  -0.6-,  -0.7-,  and 
-0.8-foot  contours  1 foot  in  the  seaward  direction,  the  outer  region 
remained  unchanged  for  175  hours.  After  175  hours  the  -0.7-  and  -0.8-foot 
contours  began  moving  in  the  seaward  direction  as  material  was  deposited 
at  the  seaward  edge  of  the  inshore  zone,  and  the  -0.6-foot  contour  began 
moving  in  the  shoreward  direction  as  erosion  of  the  bar  began  in  the  inner 
region.  After  200  hours  the  outer  region  became  a long,  relatively  flat 
shelf,  as  shown  by  the  divergence  of  the  -0.8-  and  -0.5-foot  contours. 

The  several  intercepts  of  the  -0.6-  sind  -0.7-foot  contours  indicate 
several  small  bars  and  troughs.  Figure  23  shows  the  appropriate  contour 
intercepts  connected  and  the  bars  and  trougjis  indicated  by  shaded  areas. 

The  length  of  the  shelf  continued  to  increase  as  material  eroded  from 
the  foreshore  and  was  deposited  offshore.  The  largest  fluctuations  in 
contour  position  were  two  tenporary  shifts  of  about  10  and  12  feet  in 
the  -0.7-foot  contour  position  (Figs.  19,  20,  and  21).  The  same  shifts 
occurred  simultaneously  at  all  three  surveyed  ranges  (Fig.  22),  showing 
that  this  change  was  two-dimensional,  and  suggesting  that  significant  net 
sand  transport  occurred  across  the  inshore  zone  during  these  periods.  The 
large  shifts  in  the  -0.7-foot  contour  represent  an  increase  in  the  depth 
over  the  inshore  zone. 

The  -0.6-,  -0.7-,  and  -0.8-foot  contours  indicate  no  significant 
lateral  variations  (Fig.  22).  The  variations  in  the  -0.6-foot  contour 
show  that  the  bar  crest  elevation  reached  -0.6  foot  at  different  times 
along  the  different  ranges. 

(c)  Inner  Region  (Experiment  71Y-10).  Contour  movement  in 
the  inshore  zone  along  the  five  ranges  for  experiment  71Y-10  is  shown  in 
Figures  24  to  28.  Movements  of  the  seawardmost  intercepts  along  ranges 

3,  5,  7,  and  9 are  compared  at  depths  of  -0.3,  -0.4,  -0.6,  -0.7,  and 
-0.8  foot  in  Figure  29. 

Within  the  first  10  minutes  a longshore  bar  formed  at  station  +4.  The 
bar  remained  stationary  for  the  first  100  hours,  while  the  crest  elevation 
varied  between  -0.3  and  -0.4  foot,  as  shown  by  the  movement  of  the  -0.3- 
foot  contour  in  Figure  29.  Erosion  of  the  longshore  bar  began  first  along 


Distance  from  Original  SWL  Intercept  (ft) 


Cumulative  Time  ( hr ) 


Figure  24.  Changes  in  the  inshore  zone  along  range  1,  experiment  71Y-10 


Distance  from  Original  SWL  Intercept  (ft) 


Figure  25.  Changes  in  the  inshore  zone  along  range  3,  experiment  71Y-10 


1 


Distance  from  Original  SWL  Intercept  (ft) 


Cumulative  Time  (hr) 


Figure  26.  Changes  in  the  inshore  zone  along  range  5,  experiment  71Y-10 


Distance  from  Original  SWL  Intercept  (ft) 


Cumulative  Time  (hr) 

Figure  27.  Changes  in  the  inshore  zone  along  range  7,  experiment  71Y-10. 
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range  9 at  115  hours,  advanced  across  the  tank,  and  began  along  range  1 
at  190  hours  (shown  by  movement  of  the  several  -0.4-foot  contours  in 
Fig.  29).  After  the  bar  eroded,  the  inner  region  maintained  a fairly 
steep  slope  for  the  duration  of  the  experiment. 

(d)  Outer  Region  (Experiment  71Y-10) . Although  some  deposi- 
tion occurred  during  the  first  5 hours  which  moved  the  -0.6-,  -0.7-,  and 
-0.8-foot  contours  2 feet  in  the  seaward  direction,  the  outer  region  re- 
mained unchanged  until  after  100  hours.  The  development  of  the  flat  shelf  ' 

in  the  outer  region  followed  erosion  of  the  longshore  bar  in  the  inner 
j region,  as  indicated  by  the  movement  of  the  -0.6-foot  contour  along  the 

I five  ranges  in  Figure  29.  The  shelf  began  developing  first  along  range  I 

I 9 at  115  hours  and  along  range  1 at  215  hours.  The  shelf  widened  as  j 

material  was  eroded  from  the  foreshore  and  deposited  in  the  offshore.  ' 

■ At  different  times  along  the  five  ranges,  the  seawardmost  -0.7-foot 

I contour  made  significant  shifts,  first  along  ranges  7 and  9 and  later 

along  ranges  1,  3,  and  5.  These  shifts  correlate  with  the  progressive 
development  of  the  shelf  across  the  tank  from  range  9 to  range  1 and  I 

indicate  a net  movement  of  sediment  across  the  inshore  zone.  | 

( (3)  Offshore  Zone. 

! (a)  Experiment  71Y-06.  The  movement  of  contours  in  the 

offshore  zone  is  shown  in  Figures  7,  8,  and  9 for  ranges  1,  3,  and  5. 

The  offshore  zone  developed  from  the  initial  0.10  slope  to  a relatively 
steep  slope  as  a result  of  the  deposition  of  material  seaward  of  the 
breaker. 

During  the  first  10  hours,  more  deposition  occurred  at  the  higher 
elevations,  but  after  that  time,  all  the  contour  movements  were  parallel 
in  the  offshore  zone  until  200  hours.  Between  200  and  250  hours  and 
I between  315  and  340  hours,  significant  deposition  occurred  again  at  the 

S higher  elevations,  increeising  the  offshore  zone  slope. 

i 

The  movement  of  contours  at  the  three  ranges  for  elevations  of  -0.9, 

-1.2,  and  -2.1  feet  is  compared  in  Figure  30.  No  lateral  variations 
i occurred  in  the  movements  of  the  -1.2-  and  -2.1- foot  contours,  and  only 

minor  variations  in  the  movement  of  the  -0.9- foot  contour. 

(b)  Experiment  71Y-10.  Figures  10  to  14  show  the  contour 
movements  in  the  offshore  zone  for  the  five  ranges  in  experiment  71Y-10. 

During  the  first  10  hours  sediment  was  deposited  between  depths  of  0.9 
: and  1.4  feet.  After  10  hours  the  contours  along  a given  range  were  par- 

allel (indicating  uniform  deposition  at  all  depths),  but  there  was  vari- 
ation from  one  range  to  the  next.  Along  range  9 the  contours  moved 
seaward  at  an  average  rate  of  0.025  foot  per  hour.  Along  remge  5 the 
offshore  remained  essentially  stationary  for  the  next  100  hours  (until 
I 110  hours)  and  then  began  prograding  seaward  at  an  average  rate  of  0.024 

; foot  (0.73  centimeter)  per  hour;  along  range  1,  the  offshore  remained 

stable  until  170  hours  and  then  prograded  seaward  at  a rate  of  0.019 
1 foot  (0.58  centimeter)  per  hour. 
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Hie  movement  of  contours  at  the  five  ranges  for  elevations  of  -0.9, 
-1.2,  and  -2.1  feet  is  compared  in  Figure  31.  The  lateral  variation  in 
the  movement  of  the  offshore  zone  is  quite  noticeable  at  -1.2  and  -2.1 
feet;  e.g. , the  positions  of  the  -2.1- foot  contour  at  335  hours  are  sta- 
tions 25.6,  26.3,  27,0,  27.2,  and  27.5  feet  along  ranges  1,  3,  5,  7,  and 
9,  respectively. 

The  offshore  slope,  measured  between  the  -0.9-  and  -2.1-foot  contours, 
varied  from  0.113  along  range  1 to  0.098  along  range  9. 

c.  Profile  Adjustment  Under  3.75-Second  Wave.  For  375  hours,  the 
profile  in  experiment  71Y-06  was  attacked  by  a fairly  steep  (H^/L^  = 

0.021)  wave.  Then,  for  the  next  5 hours,  the  profile  was  subjected  to 
a low  (Hq/L^  = 0.002)  wave.  As  expected,  this  low  wave  moved  sediment 
back  toward  the  shoreline  and  onto  the  foreshore.  The  profiles  along 
range  3 at  the  beginning  and  the  end  of  this  subexperiment  are  coHpared 
in  Figure  32.  The  low  wave  flattened  out  the  many  small  bars  and  trouts 
within  the  inshore  zone  and  deposited  material  on  the  foreshore.  Move- 
ment of  the  seawardmost  contour  intercepts  during  the  5-hour  period  is 
plotted  in  Figures  33,  34,  and  35.  These  plots  indicate  deposition  at 
elevations  0.2,  0.1,  0,  -0.1,  -0.2,  and  -0.5  foot,  and  erosion  at  eleva- 
tions -0.3,  -0.4,  -0.6,  -0.7,  and  -0.8  foot.  A photo  in  Figure  36  shows 
deposition  on  the  foreshore  zone  at  380  hours.  After  the  experiment  was 
stopped,  a trench  was  dug  along  the  middle  of  the  test  area.  The  light- 
toned  sediment  on  top  in  the  photo  is  the  deposition  during  the  5 hours 
of  long-period  waves. 

3.  Sediment-Size  Distribution. 

The  sand  for  these  experiments  was  the  same  sand  used  by  Savage  (1959, 
1962)  and  Fairchild  (1970a,  1970b).  Becaiise  the  samples  collected  in  this 
study  were  surface  san^iles,  and  therefore  subject  to  winnowing  action,  the 
medicin  grain  size  may  have  been  slightly  less  when  Savage  and  Fairchild 
performed  their  tests.  The  data  reported  here  are  the  Rapid  Sediment 
Analyzer  (RSA)  values,  which  were  generally  0.04  millimeter  greater  than 
that  determined  by  the  dry  sieve  method  (see  Vol.  I).  The  RSA  values  are 
used  here  only  because  all  the  data  were  reduced  by  this  method. 

Tables  10  and  11  give  the  sediment-size  analysis  results  from  experi- 
ments 71Y-06  and  71Y-10.  Sediment  sain)les  were  collected  along  the  pro- 
file before  the  beginning  of  experiment  71Y-06,  and  the  results  of  the 
size  analysis  are  given  in  Tcible  10.  The  average  median  grain  size  was 
0.27  millimeter,  which  is  assumed  to  represent  the  median  grain  size, 
dso.  for  the  unsorted  sediment  in  both  experiments. 

a.  Experiment  71Y-06.  A summary  of  the  median  grain  sizes  for  ex- 
periment 71Y-06,  including  the  mean  of  the  medians,  range  of  values,  and 
the  nunfcer  of  samples  within  each  profile  zone  for  each  time,  is  given  in 
Table  12.  The  median  grain  size  on  the  foreshore  remained  above  0.27 
millimeter  (with  one  exception).  This  value  of  0.27  was  the  same  as  the 
mean  of  the  medians  of  all  sanples  from  the  beach  at  0 hours.  The  increase 
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Range  0 I 

ft  contour  Range  03 


Cumulative  Time  (hr) 

Comparison  of  the  -0.9- , -1.2-,  and  -2.1- foot  contour 
movements  in  experiment  71Y-10. 


Elevation  obove  Datum  (ft) 


Figure  36.  Long  wave  deposition  on  foreshore  between  375  and  380  hours  in 
experiment  71Y-06. 


Table  10.  Sediment-size  analysis  at  various  hours  for  experiment  71Y-06. 


Range  2 

Range  4 

Station 

Elevation 

Median 

Median 

Elevation 

Median 

Median 

(ft) 

(mm) 

(phi) 

(ft) 

(mm) 

(phi) 

OHr 

-6 

0.30 

0.28 

■n 

0.30 

0.27 

1.87 

-4 

0.30 

0.26 

mSBM 

0.30 

0.26 

1.93 

-2 

0.20 

0.26 

1.96 

0.20 

0.28 

1.84 

0 

-0.10 

0.26 

1.94 

-0.10 

0.26 

1.95 

2 

-0.20 

0.26 

1.92 

-0.20 

0.26 

1.93 

4 

-0.30 

0.25 

1.99 

-0.30 

0.27 

1.92 

6 

-0.45 

0.26 

1.94 

-0.45 

0.25 

2.03 

8 

-0.70 

0.26 

1.93 

-0.70 

0.27 

1.90 

10 

-1.00 

0.27 

1.92 

-1.00 

0.28 

1.83 

12 

-1.15 

0.26 

1.97 

-1.15 

0.26 

1.95 

14 

-1.30 

0.27 

1.87 

-1.30 

0.26 

1.94 

16 

-1.60 

0.26 

1.97 

-1.60 

0.28 

1.91 

18 

-1.75 

0.26 

1.94 

-1.75 

0.28 

1.90 

20 

-2.00 

0.27 

1.87 

-2.00 

0.28 

1.84 

22 

-2.33 

0.26 

1.94 

-2.33 

0.28 

1.82 

26  Hr 


-6 

0.30 

1.84 

0.24 

2.08 

-4 

0.30 

1.76 

0.28 

1.86 

-2 

0.00 

0.31 

1.71 

0.32 

1.67 

0 

-0.20 

0.29 

1.77 

0.31 

1.71 

2 

-0.28 

0.28 

1.83 

-0.32 

0.27 

1.88 

4 

-0.40 

0.30 

1.73 

-0.60 

0.30 

1.75 

6 

-0.60 

0.27 

1.91 

-0.50 

0.29 

1.81 

8 

-0.75 

0.26 

1.95 

-0.70 

0.28 

1.86 

10 

-0.90 

0.25 

2.02 

-0.90 

0.25 

2.00 

12 

-1.15 

0.24 

2.07 

-1.08 

0.25 

1.99 

14 

-1.40 

0.24 

2.07 

1 

— 

16 

-1.60 

0.24 

2.05 

-1.50 

0.23 

2.10 

18 

-1.75 

0.24 

2.08 

-1.75 

0.24 

2.05 

20 

-2.00 

0.24 

2.05 

-1.95 

0.23 

2.11 

22 

-2.33 

0.25 

2.02 

-2.33 

0.26 

1.93 

24 

-2.33 

0.30 

1.75 

-2.33 

0.27 

1.90 

* Samples  not  collected  at  these  stations. 


71 


L 


■J 


I ' 
i 


I 


Table  10.  Sediment-size  analysis  at  various  hours  for  experiment  71 Y-06.— Continued 


Range  2 

Range  4 

Station 

Elevation 

Median 

Median 

Elevation 

Median 

(ft) 

(mm) 

(phi) 

(ft) 

(mm) 

50  Hr 


-7 

0.30 

0.27 

1.87 

0.30 

0.26 

1.92 

-5 

0.30 

0.26 

1.97 

0.30 

0.35 

1.54 

-3 

0.10 

0.28 

1.83 

0.00 

0.31 

1.69 

-1 

-0.10 

0.31 

1.69 

-0.10 

0.31 

1.71 

1 

-0.15 

0.30 

1,75 

-0.30 

0.30 

1.73 

3 

-0.30 

0.29 

1.79 

-0.50 

0.30 

1.76 

5 

-0.55 

0.28 

1.85 

-0.50 

0.29 

1.77 

7 

-0.60 

0.28 

1.85 

-0.65 

0.29 

1.77 

9 

-0.85 

0.26 

1.96 

-0.75 

0.29 

1.80 

11 

-0.95 

0.25 

1.98 

-0.95 

0.27 

1.90 

13 

-1.18 

0.25 

2.00 

-1.15 

0.24 

2.08 

15 

-1.40 

0.24 

2.04 

-1.37 

0.26 

1.97 

17 

-1.65 

0.23 

2.12 

-1.60 

0.24 

2.07 

19 

-1.80 

0.23 

2.11 

-1.80 

0.24 

2.06 

21 

-2.00 

0.24 

2.05 

-2.04 

0.23 

2.09 

23 

-2.33 

0.25 

2.01 

-2.33 

0.26 

1.96 

100  Hr 


-7 

0.30 

0.27 

1.88 

0.30 

1.76 

-5 

0.20 

0.25 

2.00 

0.28 

1.84 

Q 

1 

0 35 

1 51 

-1 

-0.23 

0.30 

1.75 

0.31 

1.70 

1 

-0.40 

0.31 

1.70 

0.33 

1.61 

3 

-0.40 

0.32 

1.62 

— 

5 

-0.61 

0.28 

1.83 

0.29 

1.80 

7 

-0.66 

0.28 

1.83 

0.28 

1.85 

9 

-0.85 

0.26 

1.93 

-0.82 

0.27 

1.91 

11 

-0.95 

0.26 

1.96 

-0.95 

0.26 

1.96 

13 

-1.12 

0.25 

2.02 

-1.10 

0.24 

2.03 

15 

-1.32 

0.24 

2.07 

-1.32 

0.25 

2.01 

17 

-1.47 

0.25 

2.00 

-1.47 

0.26 

1.96 

19 

-1.65 

0.25 

2.00 

— 

^ Samples  not  collected  at  these  stations. 

NOTE.-  At  100  hours,  one  sediment  sample  was  taken  on  range  1 at  station  19; 
median  grain  size,  0.25  millimeter  (1.99  phi),  elevation  —1.65  feet. 
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Table  10.  Sediment-size  analysis  at  various  hours  for  experiment  7 lY-06.— Continued 


Station 

Range  2 

Range  4 | 

Elevation 

(ft) 

Median 

(mm) 

Median 

(phi) 

Elevation 

(ft) 

Median 

(mm) 

Median 

(phi) 

375  Hr 


-13 

1.54 

0.30 

0.29 

1.78 

-11 

1.56 

0.10 

0.41 

1.28 

-9 

1.89 

-0.20 

0.28 

1.85 

-7 

1.88 

-0.30 

0.26 

1.93 

-5 

1.95 

-0.50 

0.31 

1.71 

-3 

-0.50 

1.93 

-0.50 

0.27 

1.88 

-1 

-0.55 

0.27 

1.89 

-0.50 

0.30 

1.75 

1 

-0.59 

0.24 

2.04 

-0.60 

0.30 

1.76 

3 

-0.70 

0.26 

1.96 

-0.60 

0.26 

1.94 

5 

-0.75 

0.28 

1.86 

-0.70 

0.29 

1.77 

7 

-0.70 

0.26 

1.92 

-0.70 

0.26 

1.92 

9 

-0.80 

0.28 

1.82 

-0.70 

0.29 

1.77 

11 

-0.70 

0.25 

2.01 

-0.70 

0.25 

2.02 

13 

-0.70 

0.31 

1.71 

-0.70 

0.31 

1.69 

15 

-0.72 

0.26 

1.96 

-0.72 

0.26 

1.96 

17 

-0.78 

0.30 

1.73 

-0.76 

0.29 

1.80 

19 

-0.85 

0.27 

1.90 

-0.90 

0.26 

1.94 

21 

-1.10 

0.25 

2.01 

-1.18 

0.25 

2.03 

23 

-1.30 

0.28 

1.86 

-1.33 

0.25 

2.00 

25 

-1.60 

0.27 

1.90 

-1.60 

0.26 

1.93 

380  Hr 


-13 

0.29 

WSM 

1 

-11 

0.25 

0.10 

0.28 

1.85 

-9 

0.29 

mSSM 

-0.20 

0.28 

1.82 

-7 

0.26 

1.95 

-0.30 

0.23 

2.11 

-5 

-0.50 

0.29 

1.77 

-3 

-0.50 

0.24 

2.04 

-1 

-0.55 

0.30 

1.72 

-0.50 

0.30 

1.75 

1 

-0.59 

0.27 

1.90 

-0.60 

0.26 

1.92 

3 

-0.70 

0.26 

1.93 



7 

-0  70 

0 26 

1 95 

11 

-0.70 

0.28 

1.84 

-0.70 

0.26 

1.95 

13 

-0.70 

0.32 

1.66 

-0.70 

0.30 

1.75 

15 

-0.72 

0.29 

1.81 

— 

... 

— 

17 

-0.78 

0.29 

1.81 

-0.76 

0.29 

1.78 

21 

-1.10 

0.26 

1.97 

-1.18 

23 

-1.30 

0.26 

1.93 

-1.33 

0.26 

1.93 

25 

-1.60 

0.26 

1.92 

-1.60 

0.26 

1.95 

' Samples  not  collected  at  these  stations. 
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Table  11.  Sediment-size  analysis  at  various  hours  for  experiment  71Y-10. 


Range  4 

II 

Range  6 

Station 

Elevation 

(ft) 

Median 

(mm) 

Median 

(phi) 

I Elevation 

II  (ft) 

Median 

(mm) 

Median 

(phi) 

24  Hr 


-6 

0.30 

0.26 

1.93 

HEEIDiH 

1.93 

-4 

0.25 

0.28 

1.86 

mmm 

1.74 

-2 

-0.10 

0.28 

1.85 

0.00 

0.34 

1.57 

0 

-0.15 

0.29 

1.77 

-0.20 

0.31 

1.70 

2 

-0.30 

0.30 

1.72 

-0.50 

0.30 

1.74 

4 

-0.40 

0.32 

1.66 

-0.40 

0.30 

1.73 

6 

-0.56 

0.28 

1.85 

-0.55 

0.29 

1.81 

8 

-0.70 

0.26 

1.93 

-0.65 

0.27 

1.88 

10 

-0.90 

0.25 

2.00 

-0.85 

0.26 

1.97 

12 

-1.10 

0.24 

2.06 

-1.00 

0.25 

2.02 

50  Hr 


-6 

0.30 

0.26 

1.95 

0.30 

0.27 

1.91 

-4 

0.25 

1.99 

0.20 

0.28 

1.85 

-2 

0.30 

1.72 

-0.20 

0.33 

1.62 

0 

0.32 

1.66 

-0.20 

0.31 

1.69 

2 

0.33 

1.61 

-0.30 

0.30 

1.76 

4 

-0.45 

0.36 

1.47 

-0.40 

0.29 

1.78 

6 

-0.55 

0.26 

1.95 

-0.52 

0.29 

1.79 

8 

-0.70 

0.24 

2.05 

-0.70 

0.30 

1.75 

10 

-0.90 

0.26 

1.97 

-0.81 

0.27 

1.88 

J 

12 

-1.00 

0.25 

2.01 

-1.00 

0.26 

1.96 

14 

-1.20 

0.26 

1.97 

-1.25 

0.25 

2.00 

16 

-1.40 

0.23 

2.15 

-1.45 

0.25 

2.00 

18 

-1.70 

0.24 

2.06 

-1.70 

0.25 

2.00 

20 

-1.95 

0.24 

2.08 

-1.92 

0.25 

2.03 
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Table  11.  Sediment-size  analysis  at  various  hours  for  ex{>eriment  71Y- 10.— Continued 


R;uige  4 

Range  6 

Station 

Elevation 

(ft) 

Median 

(min) 

Median 

(phi) 

Elevation 

(ft) 

Median 

(mm) 

Median 

(phi) 

100  Hr 


-6 

1.81 

■SSH 

0.28 

1.85 

-4 

1.99 

mSSM 

0.28 

1.83 

-2 

0.32 

1.66 

0.33 

1.61 

0 

0.32 

1.66 

-0.24 

0.30 

1.74 

2 

0.32 

1.63 

-0.50 

0.30 

1.76 

4 

-0.45 

0.28 

1.82 

-0.40 

0.31 

1.67 

6 

-0.55 

0.26 

1.93 

-0.58 

0.29 

1.77 

8 

-0.73 

0.26 

1.93 

-0.70 

0.29 

1.80 

10 

-0.85 

0.27 

1.88 

-0.83 

0.28 

1.84 

12 

-1.05 

0.25 

1.98 

-1.00 

0.27 

1.89 

14 

-1.28 

0.26 

1.97 

-1.18 

0.26 

1.96 

16 

-1.60 

0.24 

2.05 

-1.38 

0.25 

1.99 

18 

-1.70 

0.24 

2.05 

-1.60 

0.26 

1.93 

20 

-1.89 

0.25 

2.00 

-1.89 

0.25 

2.01 

200  Hr 


-8 

0.30 

■n 

0.30 

1.44 

-6 

0.15 

0.10 

1.56 

-4 

-0.10 

mgm 

-0.15 

BIB 

1.37 

-2 

-0.32 

1.54 

-0.40 

mgsm 

1.54 

0 

-0.51 

1.74 

-0.52 

0.31 

1.71 

2 

-0.58 

1.63 

-0.70 

0.29 

1.78 

4 

-0.65 

1.82 

-0.70 

0.29 

1.81 

6 

-0.70 

0.27 

1.90 

-0.70 

0.30 

1.75 

8 

-0.70 

0.29 

1.78 

-0.70 

0.28 

1.82 

10 

-0.80 

0.29 

1.80 

-0.80 

0.27 

1.88 

12 

-0.80 

0.29 

1.77 

-0.86 

0.28 

1.82 

14 

-1.10 

0.26 

1.93 

-1.00 

0.27 

1.90 

16 

-1.27 

0.26 

1.95 

-1.15 

0.27 

1.91 

18 

-1.45 

0.27 

1.90 

-1.30 

0.26 

1.97 

20 

-1.72 

0.27 

1.91 

-1.50 

0.28 

1.85 

22 

-1.95 

0.26 

1.96 

-1.75 

0.25 

2.01 

24 

-2.10 

0.28 

1.83 

-2.00 

0.26 

1.92 

NOTE.— At  200  hours,  one  sediment  sample  was  taken  on  range  8 at  station— 4; 
median  grain  size  0.78  millimeter  (0.37  phi). 
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Table  12.  SumiPTy  of  median  grain  m valuea  within  profile  zones  for  expcrimente  71Y-06  and  TIY-IO. 
r Profile  zones 


Cumuiative  time 


Foreshore' 


Offshore 


Ranfe  No.  Mean 


Range  I No.  Mean 


Experiment  71Y-06 


All  times  (except  380) 


0.31  0.31  to  0.32 

0.30  0.28  to  0.31 

0.29  0.25  to  0.35 

0.29  0.28  to  0.31 

0.36  0.33  to  0.41 

0.38  0.34  to  0.41 

0.27  0.23  to  0.29 


.25  to  0.41  I 19 


0.28 

0.27  to  0.30 

9 

0.25 

0.23  to  0.30 

0.29 

0.28  to  0.30 

8 

0.25 

0.23  to  0.29 

0.30 

0.28  to  0.31 

9 

0.25 

0.24  to  0.27 

0.31 

0.29  to  0.34 

0.27 

0.24  to  0.30 

0.29 

0.27  to  0.34 

22 

0.26 

0.24  to  0.31 

0.28 

0.24  to  0.31 

28 

0.26 

0.25  to  0.30 

0.28 

0.24  to  0.32 

15 

0.26 

0.26 

■El 

0.24  to  0.34 

86 

0.26 

0.23  to  0.31 

Experiment  71Y-10 


All  times 


030 

0.28  to  0.34 

0.28 

0.25  to  0.30 

0.29 

0.26  to  0.32 

0.36 

0.34  to  0.39 

0.41 

0.29  to  0.41 

0.33 

0.29  to  0.40 

0.32 

0.26  to  0.41 

0.29  0.26  to  0.31 

0.30  0.24  to  0.32 

0.30  0.26  to  0.33 

0.30  0.28  to  0.34  15 

0.30  0.23  to  0.35  21 

0.28  0.21  to  0.37  21 


0.29  0.21  to  0.37  89 


Samples  collected  on  the  backshore  not  included. 

NOTE.— The  mean  of  the  median  sizes  at  0 hour  was  0.27  millimeter. 


0.25 

0.24  to  0.26 

0.25 

0.23  to  0.27 

0.26 

0.24  to  0.28 

0.27 

0.25  to  0.29 

0.27 

0.24  to  0.28 

0.26 

0.25  to  0.27 

0.26 

0.24  to  0.29 

in  the  mean  median  size  on  the  foreshore  at  300  and  375  hours  could  have 
been  the  result  of  the  profile  eroding  into  the  relict  profile  from  1970, 
which  had  coarser  material.  The  median  grain  size  in  the  inshore  zone 
was  0.27  millimeter  or  greater  for  the  first  300  hours  and  at  375  hours 
a few  samples  had  a dgQ  lower  than  0.27  millimeter;  the  median  grain 
size  in  the  offshore  zone  was  as  low  as  0.23  millimeter.  As  expected, 
more  of  the  finer  material  eroded  from  the  foreshore  (raising  the  dso 
in  that  zone)  and  deposited  in  the  offshore  (lowering  the  d^Q  in  that 
zone) . The  material  deposited  on  the  foreshore  by  the  long-period  wave 
was  finer  material,  thus  significantly  lowering  the  dso  on  the  fore- 
shore at  380  hours. 

b.  Experiment  71Y-10.  A similar  summary  of  median  grain-size  data 
for  experiment  71Y-10  is  given  in  Table  12.  The  same  trend  in  median 
grain-size  changes  occurred,  but  was  even  more  distinct.  With  one  ex- 
ception, the  median  grain  size  in  the  foreshore  zone  remained  above  0.27 
millimeter.  The  increase  in  the  mean  median  size  in  the  foreshore  zone 
could  have  been  the  erosion  into  the  relict  profile.  In  the  offshore, 
dso  varied  only  between  0.24  and  0.29  millimeter. 

4.  Breaker  Characteristics. 


a.  Experiment  71Y-06.  Breaker  position  superinposed  on  contour  move- 
ment along  range  3 is  shown  in  Figure  37  for  experiment  71Y-06.  During 
the  first  180  hours  the  wave  broke  mostly  at  a depth  of  0.6  foot,  breaking 
by  plunging  for  the  first  105  hours  and  by  plunging  and  spilling  for  the 
next  75  hours.  After  180  hours  the  breaker  position  coincided  with  the 
general  seaward  movement  of  the  -0.7- foot  contour,  and  the  breaker  type 
was  primarily  spilling.  Between  220  and  315  hours  the  wave  broke  twice — 
by  spilling  at  a depth  of  0.7  foot  and  by  plunging  at  the  toe  of  the  fore- 
shore. 

Between  375  and  380  hours  the  3. 75-second  wave  was  a surging- type 
breaker  on  the  foreshore. 

b.  Experiment  71Y-10.  Breaker  position  superimposed  on  contour  move- 
ment along  rcinge  5 is  shown  in  Figure  38  for  experiment  71Y-10.  The  wave 
broke  by  plunging  at  a depth  of  0.6  foot  for  the  first  125  hours  with  no 
lateral  variation  in  the  breaker  position.  From  125  to  265  hours  the  wave 
type  varied  between  plunging  and  spilling,  and  the  breaker  position  varied 
from  stations  8 to  10  along  range  9 (breaker  depth  about  0.7  foot),  and 
from  stations  5 to  7 along  range  1 (breaker  depth  about  0.6  foot). 

From  265  to  280  hours  the  breaker  type  was  spilling  and  the  breaker 
position  along  reinge  9 remained  at  about  station  9.  Along  range  1,  the 
breaker  position  moved  to  station  +2  at  270  hours  and  -2  at  275  and  280 
hours . 

The  most  significant  change  occurred  between  280  and  285  hours.  Be- 
tween range  10  (station  8)  and  range  3 (station  2)  the  wave  broke  by  spill- 
ing; between  range  3 and  range  0 the  wave  broke  by  plunging  at  station  -2 
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I (Fig.  39).  This  pattern  was  maintained  for  the  remainder  of  the  experi- 

5 ment.  During  the  last  10  hours  of  this  experiment,  a strong  seaward 

‘ current  was  observed  in  the  inshore  zone  between  ranges  0 and  2,  in  the 

! region  where  the  wave  did  not  break  until  reaching  the  toe  of  the  fore- 

shore. 

[ Contour  maps  in  Figure  40  show  the  profile  at  135  and  335  hours, 

f Figure  41  shows  ripple  formations  between  ranges  0 and  2 and  stations 

: +2  to  +5,  where  large  ripples  are  oriented  in  the  seaward  direction.  A 

plausible  explanation  for  the  breaking  pattern  and  current  development 
is  that:  (a)  As  the  wave  broke  first  along  range  9,  energy  moved  along 
the  wave  crest  toward  this  range;  (b)  this  loss  of  energy  along  the  lower 
ranges  decreased  the  wave  height  along  the  lower  ranges  causing  the  waves 
to  break  even  farther  inshore  so  that  eventually  the  waves  along  range  2 
lost  enough  height  (energy)  to  not  break  until  the  waves  had  traveled 
farther  up  the  profile;  and  (c)  the  flow  of  energy  along  the  wave  crest 
toward  range  9 increased  the  shoreward  mass  transport  along  that  side  of 
the  tank,  and  the  seaward  return  flow  of  mass  transport  chose  the  path 
of  least  resistance — along  range  1. 

5.  Water  Temperature. 

Figure  42  gives  data  on  daily  average  water  temperature  versus  both 
cumulative  test  time  and  dates  for  experiments  71Y-06  and  71Y-10. 

III.  PROFILE  DEVELOPMENT  AND  REFLECTIVITY 

Results  are  analyzed  by:  (a)  Profile  development,  in  which  the  inter- 
dependence of  the  changes  in  the  profile  shape,  sediment-size  distribu- 
tion, breaker  characteristics,  and  water  temperature  is  analyzed;  and 
I (b)  profile  reflectivity,  in  which  changes  in  profile  shape  and  breaker 

characteristics  are  related  to  the  variability  of  the  reflection  coeffi- 
cient. Profile  development  is  disctissed  first  to  provide  an  introduction 
to  profile  reflectivity. 

1.  Profile  Development. 

a.  Experiment  71Y-06.  The  important  changes  in  the  foreshore,  in- 
shore, and  offshore  zones,  the  breaker  conditions,  median  grain  size,  and 
water  temperature  during  experiment  71Y-06  are  summarized  and  tabulated 
as  a function  of  time  in  Table  13. 

During  the  first  hour  the  foreshore  zone  developed  the  basic  shape 
which  was  maintained  throughout  the  remainder  of  the  experiment,  and  a 
longshore  bar  was  formed  by  the  plunging  breaker  in  the  inner  inshore 
region.  The  eroded  material  during  this  early  development  was  deposited 
at  elevations  -0.6  to  -1.2  feet  in  the  first  2 hours.  As  the  foreshore 
retreated  at  0.113  foot  (3.44  centimeters)  per  hour  for  the  first  15  hours 
and  the  bar  moved  shoreward  at  0.018  foot  per  hour,  the  eroded  material 
was  deposited  mostly  at  elevation  -0.9  to  -1,2  feet  up  to  10  hours  and 
uniformly  at  all  depths  in  the  offshore  zone  after  10  hours  (see  Figs.  7, 
8,  and  9).  After  15  hours  the  shoreline  recession  rate  dropped  to  0.025 
foot  per  hour. 
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Seaward  directed  ripples  on  the  inshore  along  range  1 i 
experiment  71Y-10. 


= plunging;  S = spilling. 
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At  105  hours  the  breaker  type  became  mixed  between  plunging  and  spill-  | 

ing,  indicating  that  the  flatter  slope  in  the  offshore  had  jegun  to  affect 
the  waves.  At  175  hours,  erosion  at  elevation  -0.6  foot  and  deposition  at 
-0.7  and  -0.8  foot  caused  the  breaker  at  180  hours  to  become  consistently 
spilling  and  to  move  seaward  with  the  -0.7-foot  contour.  After  200  hours, 
with  the  wave  no  longer  breaking  near  the  bar,  the  bar  eroded  and  a shelf 
developed  (erosion  at  -0.5  and  -0.6  foot,  and  deposition  at  -0.7  and  -0.8 
foot;  see  Fig.  37).  Deposition  mostly  at  elevations  -0.9  to  -1.3  feet  in 
the  offshore  zone  steepened  the  offshore  slope  and  caused  a farther  sea- 
ward extension  of  the  inshore  zone  (Figs.  7,  8,  and  9). 

From  220  to  315  hours  the  wave  broke  a second  time  (in  the  inner  in- 
shore), further  eroding  and  steepening  that  region.  Continuous  erosion 
of  the  foreshore  and  inner  inshore,  and  deposition  in  the  offshore  caused 
the  flat  shelf  in  the  outer  inshore  to  grow  in  both  directions  (Fig.  37). 

More  finer  material  eroded  from  the  foreshore  and  inner  inshore  zones 
leaving  the  sediment-size  distribution  coarser  in  those  areas  and  decreas- 
ing the  median  grain  size  in  the  offshore  zone  where  it  was  deposited 
(Table  12). 

The  daily  mean  water  tenperature  with  shoreline  position  is  conpared  | 

in  Figure  43.  For  the  first  15  hours  the  shoreline  recession  rate  was  j 

0.113  foot  per  hour;  after  15  hours  the  shoreline  recession  rate  was  an  1 

average  0.025  foot  per  hour.  Because  the  backshore  slope  was  0.10  and  .! 

not  flat,  the  volume  rate  of  erosion  was  continually  increasing.  The  i 

water  temperature  was  increasing  for  the  first  25  hours  and  then  fairly  j 

high  and  constant  until  200  hours.  From  200  hours  to  345  hours  the  1 

temperature  gradually  dropped;  from  345  to  365  hours  the  temperature  I 

dropped  sharply.  The  drops  in  tenperature,  particularly  the  sharp  drop,  1 

were  not  accompanied  by  an  increase  in  the  shoreline  recession  rate.  j 

b.  Experiment  71Y-10.  The  major  events  of  the  profile  development  j 

in  experiment  71Y-10  are  summarized  in  Table  14.  During  the  first  hour  i 

the  foreshore  developed  a characteristic  shape,  and  a longshore  bar  weis  a 

formed  in  the  inner  inshore  by  the  plunging  breaker.  This  material  was  | 

deposited  at  depths  oi  0.6  to  1.4  feet.  As  the  shoreline  retreated  at  1 

a rate  of  0.133  foot  (4.05  centimeters)  per  hour  (for  the  first  15  hours),  1 

the  eroded  material  was  deposited  along  all  ranges  at  depths  from  0.6  to  , 

1.4  feet  until  5 hours,  and  along  all  ranges  at  depths  from  0.9  to  1.4  .1 

feet  until  10  hours  (Figs.  10  to  14).  j 

After  10  hours  the  lateral  variations  became  significant.  The  ero- 
sion rate  dropped  to  0.016  foot  per  hour  after  15  hours.  For  an  unknown 
reason,  all  the  material  was  deposited  in  the  offshore  zone  along  the  j 

range  9 side  of  the  tank,  while  the  erosion  from  the  foreshore  and  inner  ] 

inshore  was  uniform  across  the  tank.  This  situation  continued  for  100  | 

hours  when  the  offshore  along  the  center  of  the  tank  (reinge  5)  began  to  j 

prograde  at  the  same  rate.  However,  by  this  time  the  offshore  zone  along  ] 

range  9 was  already  2 feet  farther  offshore  (Fig.  31).  I 
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= plunging;  S = spilling. 


At  115  hours  along  range  9 the  bar  in  the  inner  inshore  began  to  erode 
and  a flat  shelf  began  to  develop.  This  pattern  continued  progressively 
across  the  tank:  progradation  of  the  offshore  zone,  erosion  of  the  long- 
shore bar,  and  development  of  the  flat  shelf  in  the  outer  inshore  region. 

With  the  profile  along  range  9 closer  to  the  generator,  the  waves  began 
to  refract  and  break  first  along  the  range  9 side  of  the  tank,  draining 
energy  along  the  wave  crests  toward  range  9 (see  Fig.  41, a at  135  hours). 

Deposition  in  the  offshore  along  range  1 began  at  170  hours.  Erosion 
of  the  bar  and  development  of  the  shelf  were  completed  by  215  hours.  Depo- 
sition in  the  offshore  zone  along  the  other  ranges  continued,  thus  main- 
taining the  refraction  pattern  and  the  skewed  breaker  position.  By  265 
hours  the  refraction  had  decreased  the  wave  energy  (and  wave  height) 
along  range  1 so  that  the  breaker  position  was  even  farther  inshore  at 
a shallower  depth  where  the  smaller  wave  would  break.  At  280  hours  the 
waves  along  range  1 did  not  break  as  part  of  the  continuous  breaker  line 
between  ranges  0 and  2,  but  broke  separately  at  the  base  of  the  foreshore 
(Fig.  39).  The  refraction  increased  the  mass  transport  along  the  range  9 
side  and  the  return  flow  was  concentrated  along  range  1 where  the  incident 
wave  energy  was  least. 

The  concentration  of  energy  along  range  9 due  to  refraction  also 
accounts  for  the  increased  shoreline  recession  along  the  range.  The 
increased  shoreline  recession  along  range  1 may  have  been  the  result  of 
the  wave  breaking  closer  to  the  foreshore,  thereby  increasing  the  tur- 
bulence at  the  foreshore  (Fig.  18) . 

Water  ten5)erature  and  shoreline  position  for  experiment  71Y-10  are 
conqjared  in  Figure  43.  For  the  first  15  hours  the  shoreline  recession 
rate  was  0.133  foot  per  hour;  from  15  to  205  hours  the  rate  was  0.016 
foot  per  hour.  At  205  to  335  hours  the  shoreline  recession  rate  varied 
across  the  tank,  from  0.016  foot  per  hour  along  the  center  to  0.025  foot 
per  hour  along  the  outside  ranges  of  the  tank.  The  water  tenperature  rose 
sharply  during  the  first  2 hours  and  then  remained  fairly  high  and  constant 
until  125  hours.  The  temperature  dropped  gr, 'dually  between  125  and  280 
hours,  then  dropped  sharply  between  280  and  iOO  hours.  TTie  increase  in 
the  recession  rate  along  the  outside  ranges  o:curred  during  a period  when 
the  temperature  was  gradually  dropping,  but  tne  sharp  drop  in  temperature 
at  280  hours  was  not  accompanied  by  an  increase  in  recession  rate. 

c.  Comparison  of  the  Two  Experiments.  The  general  shape  of  the  pro- 
files and  the  sequence  o^  events  during  the  development  of  the  profiles 
appeared  to  be  similar  in  the  two  experiments,  and  neither  experiment 
reached  equilibrium.  Significant  lateral  variations  in  the  rate  of  pro- 
file development,  which  occurred  in  the  wider  tank,  did  not  occur  in  the 
narrower  tank. 

(1)  Shoreline  Recession  Rate.  In  e;qjeriment  71Y-06  the  shoreline 
retreated  at  a uniform  (aciuss  the  tank)  rate  of  0.025  foot  per  hour  after 
15  hours.  In  experiment  71Y-10  the  shoreline  recession  rate  was  lower 
(0.016  foot  per  hour)  and  more  imiform  across  the  tank  between  15  and  205 


hours.  After  205  hours  in  experiment  71Y-10  the  recession  rate  increased 
to  0.025  foot  per  hour  along  the  sides  of  the  10- foot  tank  while  remain- 
ing at  0.016  foot  per  hour  in  the  center.  Figure  44  compares  the  shore- 
line movement  along  the  center  ranges  of  the  two  tanks  and  shows  that  the 
erosion  rate  was  slightly  greater  in  the  6-foot  tank. 

(2)  Inshore  and  Offshore  Zones.  In  both  experiments  along  a 
given  range,  the  sequence  of  events  in  profile  development  was  the  same: 
development  of  a longshore  bar,  deposition  in  the  offshore  zone,  seaward 
movement  of  the  breaker,  erosion  of  the  bar,  and  development  of  the  shelf. 
In  the  narrower  tank,  this  development  occurred  along  all  ranges  almost 
simultaneoiisly;  in  the  wider  tank,  it  occurred  first  along  range  9 and 
then  progressed  slowly  across  the  tank.  This  unusual  development  caused 
significant  lateral  variations  in  breaker  depth,  breaker  type,  and  lit- 
toral currents.  The  slower  development  is  further  amplified  by  the  fact 
that  the  center  range  in  the  6-foot  tank  (solid  line  in  Fig.  44)  was  rep- 
resentative of  all  three  ranges;  whereas,  the  dashline  in  Figure  44  was 
the  mean  value  of  contour  position  in  the  10-foot  tank  and  this  mean  was 
more  representative  of  changes  along  range  1 where  the  development  was 
slower  than  the  mean. 

2.  Profile  Reflectivity. 

The  basic  profile  shapes  which  evolved  during  the  profile  development 
are  shown  in  Figure  6.  Early  profiles  (solid  line  in  Fig.  6)  had  a steep 
foreshore,  a short  inshore  with  a longshore  bar  formed  by  the  plunging 
breaker,  and  a gently  sloping  offshore  zone.  Later  profiles  (dashline  in 
Fig.  6)  also  had  a steep  foreshore,  but  the  inshore  widened  to  a long, 
flat  shelf  which  terminated  in  a relatively  steep  offshore  zone. 

Chesnutt  and  Galvin  (1974)  discussed  the  processes  which  reflect  wave 
energy  from  movable  beds  in  these  experiments.  The  processes  include  the 
conversion  of  potential  energy  stored  in  runup  on  the  foreshore  into  a 
seaward- traveling  wave,  the  seaward  radiation  of  energy  from  a plunging 
breaker,  and  reflection  of  the  incident  wave  from  the  movable  bed,  par- 
ticularly where  the  depth  over  the  movable  bed  changes  significantly. 

Depth  changes  are  significant  if  the  depth  difference  is  an  appreciable 
fraction  of  the  average  depth  over  a horizontal  distance  less  than  a 
wavelength.  For  conditions  of  these  experiments,  the  wavelength  is  14.3 
feet  (4.36  meters)  in  the  section  seaward  of  the  movable  bed  and  approxi- 
mately 9 feet  (2.74  meters)  over  the  inshore  zone. 

a.  Reflection  From  the  Foreshore.  The  foreshore  zone  developed 
within  the  first  hour  of  testing,  well  before  the  other  elements  of  the 
movable-bed  profile  had  become  prominent.  The  developed  foreshore  had  a 
slope  of  about  0.20,  considerably  steeper  than  the  original  0.10  slope. 

The  initial  high  values  of  are  probably  the  result  of  reflection 

from  the  foreshore  of  waves  which  dissipated  little  energy  until  almost 
at  the  foreshore.  Reflection  from  the  foreshore  is  a function  of  the 
height  of  the  wave  reaching  the  foreshore,  and  this  height  would  diminish 
due  to  increased  bottom  friction  as  the  inshore  and  offshore  segments  of 
the  profile  (Fig.  6)  became  prominent. 


Figure  44.  Erosion  and  accretion  in  6-  and  10-foot  tanks. 


b.  Reflection  as  a Result  of  Wave  Breaking.  On  the  concrete  slab 

the  wave  broke  as  a plunging  breaker  and  on  the  movable-bed  profile,  the 
wave  was  initially  a less  well-developed  plunger  and  evolved  to  a spill- 
ing breaker.  The  reflection  from  the  concrete  slab  was  an  average  0.12 
for  both  experiments,  where  the  plunger  is  assumed  to  contribute  more 
significantly  to  the  total  reflection.  The  lowest  values  of  reflection 
in  the  movable-bed  tanks  were  slightly  lower  than  the  for  the  fixed 

bed  and  occurred  during  the  period  when  the  wave  broke  by  plunging.  The 
reflection  from  the  spilling  breaker  later  in  the  experiments  is  assumed 
to  be  negligible. 

c.  Effect  of  Inshore  and  Offshore.  As  the  experiments  proceeded, 

the  inshore  widened  and  flattened  and  the  offshore  steepened.  At  first, 
the  widening  of  the  inshore  dominated;  the  lowering  of  the  reflection 
after  the  high  initial  values  (Figs.  2 and  3)  is  attributed  to  the 
greater  energy  dissipation  in  the  inshore.  The  later  steepening  of  the 
offshore  correlates  well  with  the  trend  toward  higher  later  in  the 

experiments  (conpare  the  offshore  contour  positions  in  Figs.  8 and  12 
with  the  appropriate  reflection  values  in  Figs.  2 and  3). 

With  the  development  of  the  two  reflecting  zones  (foreshore  and  off- 
shore) separated  by  a relatively  flat  inshore  zone,  the  measured  reflected 
wave  was  composed  of  two  reflected  waves.  A change  in  phase  or  amplitude 
of  either  reflected  wave  would  change  the  phase  and  anplitude  of  the 
measured  wave.  Part  of  the  long-term  variability  can  be  attributed 

to  the  change  in  phase  difference  between  these  two  reflected  waves  as 
the  foreshore  retreated  landward  and  the  offshore  built  seaward. 

Chesnutt  and  Galvin  (1974)  examined  results  from  experiment  71Y-06 
and  pointed  out  an  apparent  correlation  between  the  movement  of  the  -0.7- 
foot  contour  and  th  variability  of  the  reflection  coefficient,  and  sug- 
gested that  the  reflection  is  very  sensitive  to  small  changes  in  the  depth 
near  the  seaward  edge  of  the  inshore  zone.  These  depth  changes  would 
cause  variability  in  the  reflection  of  the  incident  wave  from  the  offshore 
slope  and  variability  in  the  amount  of  energy  trapped  on  the  inshore  shelf. 

The  position  of  the  -0.7- foot  contour  and  the  reflection  coefficient 
versus  time  for  the  two  experiments  are  compared  in  Figure  45.  The  sea- 
ward (downward)  movement  of  the  -0.7- foot  contour  in  the  figure  is  an 
indication  of  the  development  of  the  steeper  offshore  slope.  Both  ex- 
periments show  a general  increase  in  the  reflection  coefficient  as  the 
-0.7- foot  contour  moved  seaward  (and  the  offshore  slope  increased). 

In  experiment  71Y-06,  the  values  are  highest  at  320,  360,  and 

375  hours  when  the  -0.7- foot  contour  is  at  the  seawardmost  prsition,  ?hr 
values  are  low  at  225  and  335  hours  when  4:he  -0.7- foot  contoui  i' 
the  landwardraost  position.  The  same  relationship  exists  at  other  ti» 

(275,  290,  and  300  hours),  but  the  variation  is  not  as  great.  » i- 
plot  (Fig.  46)  of  versus  position  of  the  seawardmost  i'  ' fi  * 

tour  for  all  times  after  220  hours  indicate  the  correlat;  t- 
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Position  of  Seawardmost-0.7  Contour  (ft) 

Figure  46.  Correlation  of  the  -0.7-foot  contour  position  and  Kjj  in 
experiment  71Y-06. 
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T«  oYnfk-Hinent  71Y-10  the  -0.7-foot  contour  varied  in  position,  but  not 

K,  in  this  experi«nt  4id  not 

in  response  to  any  particular  contour  “o^ements;  however,  wxth^eco^^^^ 
nlex  nrofile  development,  a lack  of  correlation  is  expected.  These 
variations  in  profile  development  certainly  contributed  to  ^ ® 

r^ATclZl  Jat?em,  which  appeared  simple  and  less  variable  when  only  re- 
corded along  the  center  of  the  tank. 

IV.  DISCUSSION  OF  RESULTS 

1.  Wave  Height  Variability. 

Three  probable  causes  of  wave  height  variability 
nents  are*  fal  Wave  reflection  from  the  changing  profile,  (»)  re- 
TneATok  f^iS:  wave  generator,  and  CO  se^ndary  w^es  ^ese 
experiments  were  designed  primarily  to  quantify  the  amount  of  variability 

due  to  reflection. 

» w..,o  n,.fiArtion  From  the  Profile.  The  Kr  in  the  fixed-bed  tanks 

increased  during  tke  early  Uours  ot  J.-T hU«. 

f.os  d O.SO  m e^eri^nt 

Sf  r^redTi  f„-rr;e.rjT.=ejrpSe 

Jrograded  seaward  Cs«e  Fid-  «-  Chesnutt  and  Galvin,  1974). 

faried)  as  the  phase  differ- 

eSr.  b«?e'n  the^reflected  wa,«  and  the  f 

faSfd'  ‘"rnrSef;? if’th?.5«^lLrdenrre'th1  r-fue.  Which  was  the 
average  ef  wave  >>ei^«  alo^  0?3?m'o.*1 

retT^t:^“lTcrn^l«»S)"n  r^erinent;  71Y-06  and 

6 andS).  Part  of  that  variation  (0  04  foot  « 

0.03  foot  in  experiment  71Y-10)  co^d  be  attriouc  ^ 

‘?S:“'.^n*r’of  the  variation  (0.05  and  0.06  foot)  is 
likely  due  to  varying  re- reflection. 

c.  secondare.  Al-I  "ffghts  ?n%'^v;n'’rordi^g%S5' 
2"hr«sltt*n  »condaw  wavei.  Galvin  (1972)  «.d  Hnlsbergen  (1974) 
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described  secondaiy  waves  (called  salitons  by  Galvin)  and  their  effects. 
Althou^  secondary  waves  were  observed  on  the  wave  records,  these  waves 
were  not  analyzed  in  this  study;  wave  height  variations  due  to  secondary 
waves  did  not  affect  the  wave  height  data  presented  here. 

2.  Profile  Equilibrium. 

The  experiments  were  extended  over  several  hundred  hours  in  hopes  of 
defining  the  equilibrium  profile  for  the  given  wave  and  sediment  condi- 
tions. At  the  end,  there  was  no  indication  that  either  e]q>eriment  was 
close  to  equilibrium  (see  Figs.  7 to  14).  In  experiment  71Y-10  the 
profile  had  great  lateral  variation,  which  seemed  to  be  getting  con- 
tinually more  coii|)lex. 

The  decreasing  water  tenperature  at  the  end  of  the  experiments, 
increasing  the  viscosity  and  presumably  the  sediment- carrying  capacity 
(Chesnutt,  1975;  Chesnutt  and  Stafford,  1977),  may  have  contributed  to 
the  continuing  erosion  and  lack  of  equilibrium.  However,  the  lack  of 
an  increase  in  recession  rate  at  the  times  of  the  sharpest  tenperature 
drop  seems  to  discount  this  explanation.  The  continually  changing  dis- 
tances between  the  wave  generator  and  parts  of  the  profile  (foreshore  and 
offshore)  causing  variations  in  re-reflection  and  secondaiy  waves  may 
also  have  prevented  the  profile  from  reaching  equilibrium. 

To  further  conplicate  the  question  of  profile  equilibrium,  Collins 
and  Chesnutt  (1975,  1976)  showed  that,  even  with  constant  water  tenpera- 
ture, the  final,  unchanging  profile  for  the  same  wave  and  sediment  condi- 
tions was  not  always  repeatable. 

A constant  rate  of  volume  erosion  nd^t  be  an  acceptable  alternative 
to  profile  equilibrium  for  defining  stea<fy-state  conditions  in  some 
coastal  engineering  experiments,  but  that  may  also  be  affected  by  water 
tenperature  and  other  variables. 

3.  Other  Laboratory  Effects. 

The  differences  in  test  conditions  (tank  width,  initial  test  length, 
and  the  uncontrolled  water  temperature)  provide  possible  e]q;>lanations 
for  the  differences  in  rate  of  profile  development  discussed  in  Section 
III,l,c,  but  also  prevent  a rigorous  proof  of  the  effect  of  any  one  of 
these  differences  as  definite  causes.  Chesnutt  (1975)  discussed  the 
effects  of  initial  test  length  and  water  teiperature. 

a.  Water  Tenperature.  TTie  water  tenperature  varied  from  29*  to  7" 
Celsiiis  for  the  experiments  tdiich  began  in  May  and  June  and  continued 
into  early  Decenber.  The  dynamic  viscosity  varied  from  1.7  x lO"®  to 
3.0  X 10“S  pounds-second  per  square  foot  (7.98  x 10"^  to  14.30  x 10"^ 
grams-second  per  square  centimeter) . The  existence  of  a tenperature 
effect  seems  to  be  disproven  by  the  data  presented  in  this  study.  How- 
ever, the  possibility  of  a tenperature  effect  prevents  the  drawing  of 
strong  conclusions  about  profile  equilibrium  and  other  laboratoiy  effects. 


b.  Initial  Test  Length.  Two  possible  phenomena  are  affected  by 
varying  tanic  length,  Te>nf lection  and  secondary  waves.  Chesnutt  (1975) 
and  Chesnutt  and  Stafford  (1977)  discussed  these  phenomena  and  the  possi 
ble  effects  on  the  rate  of  profile  development. 


c.  Tank  Width.  Experiments  71Y-06  and  71Y-10  probably  serve  their 
greatest  purpose  by  pointing  out  the  effect  of  tank  width.  This  study 
(Sec.  III,1)  discussed  the  significant  lateral  variation  in  the  wider 
tank,  vriiich  miist  have  resulted  from  a minor  perturbation  in  profile  de- 
velc^ment.  Lateral  variations  in  profile  shape  occur  on  natural  beaches, 
and  variations  on  a wide  laboratory  beach  would  not  be  unexpected.  In 
the  6-foot  tank,  the  profile  was  essentially  two-dimensional;  in  the  10- 
foot  tank,  the  natural  lateral  variations  were  most  likely  distorted  by 
the  tank  walls. 


V.  CONCLUSIONS  AND  REC0M4ENDATI0NS 


1.  Conclusions 


(a)  In  two  experiments  with  a water  depth  of  2.33  feet  (0.71  meter) 
a wave  period  of  1.90  seconds,  and  a generator  stroke  of  0.39  foot  (11.9 
centimeters),  the  average  incident  wave  height  was  0.38  foot  (11.3  centi- 
meters) in  experiment  71Y-06  and  0.36  foot  in  e^eriment  71Y-10.  Reflec- 
tion measurements  in  the  control  tanks  with  a fixed-bed  profile  varied 
from  0.10  to  0.16  in  e:q>eriment  71Y-06  and  from  0.09  to  0.12  in  e3q>eri- 
ment  71Y-10,  indicating  that  the  wave  generators  were  operating  uniformly 
and  that  the  error  in  determining  reflection  from  the  changing  profile 
was  about  ±0.03  for  experiment  71Y-06  and  ±0.015  in  expenment  71Y-10. 

The  lower  Kjj  in  the  wider  tank  is  probably  due  to  an  unknown  width 
effect  (Tables  6 and  8). 

(b)  Ki?  varied  from  0.08  to  0.30  in  experiment  71Y-06  and  from  0.03 
to  0.16  in  e^qteriment  71Y-10.  The  variation  in  Kr  correlates  with  pro- 
file changes.  was  hi^  during  the  development  of  the  foreshore  and 
decreased  as  the  inshore  widened.  Later  increases  in  occurred  when 
the  offshore  slope  steepened.  Large  fluctuations  in  K/?  occurred  at 
times  of  large  shifts  in  contour  position  on  the  flat  inshore  zone,  sug- 
gesting that  reflection  is  quite  sensitive  to  small  changes  in  depth  at 
the  shoreward  edge  of  the  submerged  reflecting  surface  (Pigs.  3,  4,  45, 
and  46). 


(c)  Profiles  along  given  ranges  in  the  two  experiments  developed  in 
the  same  sequence,  but  did  not  reach  equilibrium.  In  the  wider  tank,  the 
development  of  the  flat  shelf  in  the  inshore  zone  began  along  one  side  of 
the  tank  and  the  development  progressed  slowly  across  the  tank,  causing 
significant  differences  in  breaker  type  and  depth  across  the  tank  and  a 
strong  seaward  current  along  one  side  of  the  tank.  Ibis  development 
suggests  that  tank  width  can  significantly  affect  laboratory  studies  of 
coastal  processes  (Figs.  7 to  14). 


(d)  The  shoreline  recession  rate  was  a constant  0.025  foot  per  hour 
uniforaly  across  the  tank  after  15  hours  in  e:q>eriaent  71Y-06.  In  eiqperi- 
nent  71Y-10,  the  shoreline  recession  rate  was  a constant,  unifoxn  0.016 
foot  per  hour  between  15  and  205  hours;  for  the  last  130  hours,  the  rate 
along  the  outside  ranges  of  the  tank  increased  to  0.025  foot  per  hour 
(Fig.  18). 

(e)  The  slower  development  of  the  inshore  shelf  across  the  full  width 
of  tte  tank  and  slightly  slower  shoreline  recession  rate  in  the  wider  tank 
indicate  that  even  wider  beaches  (closer  to  an  infinitely  long  beach) 
would  develop  more  slowly.  Until  tank  width  effects  can  be  quantified, 
engineers  should  be  careful  in  extraq>olating  shoreline  recession  rates 
from  two-dimensional  laboratory  tests  to  field  problems  (Fig.  44). 

(f)  Changes  in  the  sediment-size  distribution  along  a laboratory 
profile  appear  to  be  measurable,  even  for  fine,  well-sorted  sand.  The 
median  size  along  the  initial  profile  was  0.27  millimeter.  At  the  end 
of  the  experiments  the  mean  median  was  0.32  millimeter  in  the  foreshore 
zone,  0.29  millimeter  in  the  inshore  zone,  and  0.26  millimeter  in  the 
offshore  zone  (Tables  10  and  11) . (Sand  sizes  are  RSA  values  which  tend 
to  average  0.04  millimeter  higher  than  sieve  analyses  of  the  same  sag|>le.) 

(g)  The  long,  low  wave  run  near  the  end  of  experiment  71Y-06  on  the 
steep  wave  profile  quickly  began  the  natural  healing  process  of  the  beach, 
which  occurs  after  storms  in  nature  (Figs.  33,  34,  and  35). 

2.  Recommendations . 

(a)  Because  of  varying  reflectivity  of  the  profiles,  incident  wave 
measurements  to  diaracterize  a three-dimensional  coastal  engineering 
experiment  should  be  based  on  calibration  of  the  wave  generator  rather 
than  isolated  wave  measurements  during  the  experiment. 

(b)  Experimenters  should  be  cautious  in  defining  equilibrium  profile 

conditions  and  should  consider  the  possibility  of  using  other  means  for 
characterizing  steady-state  conditions  in  coastal  processes  e:q)eriments 
and  models.  , 


(c)  In  conducting  two-dimensional  studies  of  profile  development 
the  tank  width  should  not  be  too  great,  probably  less  than  half  the 
incident  wavelength.  But  extr^olation  of  narrow  tank  results  should 
assume  variability  in  profile  development  in  the  longshore  direction. 

3.  Further  Analysis. 


These  e]q>eriments  were  essentially  the  same  as  the  experiments  dis 
cussed  in  Volume  II  except  for  the  7- foot  difference  in  initial  test 
length.  These  results  will  be  coiif>ared  with  results  from  Volume  II  in 
Volume  VIII. 
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APPENDIX 


EXPERIMENTAL  PROCEDURES  FOR  71Y-06  and  71Y-10 

This  appendix  dociiments  those  aspects  of  the  experimental  procedures 
unique  to  experiments  71Y-06  and  71Y-10.  The  procedures  ccxmnon  to  all 
experiments  are  documented  in  Volume  I (Stafford  and  Chesnutt,  1977). 

1.  Experimental  Layout. 

At  the  beginning  of  the  1971  experiments,  the  movable-bed  profiles 
were  constructed  with  sufficient  sand  to  move  the  initial  SWL  intercept 
7 feet  closer  to  the  generator.  Because  the  initial  SWL  intercept  on  the 
movable  bed  is  the  standard  reference  point,  the  tapes  along  the  center 
of  each  pair  of  tanks  were  moved  to  establish  the  new  origin  7 feet 
seaward  of  the  origin  used  in  experiments  70Y-06  and  70-10  (Chesnutt  and 
Stafford,  1977) . This  resulted  in  a 7-foot  offset  of  the  origin  in  the 
fixed-bed  tanks.  Figure  A-1  shows  the  position  of  the  initial  profiles 
within  each  pair  of  tanks  and  the  adjusted  x-axis. 

2.  Data  Collection, 
a.  Regular  Data. 

(1)  Wave  Height  Variability.  During  the  first  10-minute  run  of 
each  experiment  and  #rom  375  to  375:10  hours  in  experiment  71Y-06,  a con- 
tinuous water  surface  elevation  was  recorded  at  station  25  near  the  toe 
of  the  movable-bed  slc^e  (Fig.  A-1).  Wave  envelopes  in  all  subsequent 
runs  were  recorded  with  wave  gages  moving  toward  and  away  from  the  gen- 
erators along  the  center  of  each  tank  from  station  +15  to  +85  in  experi- 
ment 71Y-06  and  +15  to  +50  in  e3q>eriment  71Y-10  with  the  instrument 
carriage  moving  at  a near-constant  speed  of  10  feet  per  minute.  Wave 
records  002  to  006  from  experiment  71Y-06  contain  only  one  envelope  because 
the  runs  were  too  short  to  permit  recording  of  two  envelopes. 

(2)  Breakers.  Table  3 indicates  the  times  during  runs  when 
breaker  data  were  collected,  which  included  taking  35-millimeter  slides 
of  the  breakers  three  times  during  each  run,  recording  the  breaker  position 
in  the  logbook  just  before  the  end  of  each  run,  and  preparing  the  visual 
observation  form  near  the  end  of  each  run.  The  first  two  procedures  were 
vised  throughout  the  two  experiments  and  the  use  of  the  visual  observation 

\ form  was  initiated  18  August  1971,  at  78  hours  in  experiment  71Y-10  and 

^ 140  hours  in  experiment  71Y-06. 

Unlike  the  two  experiments  in  1970,  the  carriage  and  camera  locations 
were  not  maintained  at  the  same  positions  throughout  the  tests;  therefore, 
the  slides  were  not  useful  for  determining  breaker  position.  Since  the 
breaker  station  recorded  in  the  logbook  was  the  position  along  the  center- 
line  of  the  tank,  lateral  variations  in  breaker  positions  were  not  recorded 
The  visual  observation  form  was  used  to  sketch  the  breaker  position 


gure  A-1.  Experimen 


and  type,  allowing  technicians  to  record  lateral  variations  in  breaker 
position,  and  the  positions  of  profile  features,  such  as  the  shoreline 
and  the  scarp  on  a plan  view  drawing  of  the  wave  tank. 

b.  Special  Data.  Three  types  of  special  data  were  collected  at 
less  frequent  intervals,  and  Table  A-1  indicates  the  times  when  each 
type  of  data  was  collected. 

3.  Data  Reduction. 

a.  Wave  Height  Variability.  All  wave  reflection  data  collected  from 
the  movable-bed  profiles  ii.  the  two  experiments  were  reduced  by  both  the 
manual  and  automated  methods.  Table  A-2  presents  the  K/j  data  determined 
by  the  automated  method.  Plots  of  K/?  versus  time  (Figs.  A-2  and  A-3) 
compare  results  from  the  two  methods  for  experiments  71Y-06  and  71Y-10. 
Figures  A-4  and  A-5  are  plots  of  manual  Kj?  values  versus  automated  Kj? 
values.  These  plots  show  that  the  automated  method  gave  consistently 
lower  results  and  that  the  difference  is  not  a function  of  the  magnitude 
of  Hr. 

b.  Sand-Size  Distribution  Data.  All  samples  were  analyzed  in  the 
CERC  Petrology  Laboratory  using  the  RSA.  Approximately  5 percent  of  the 
samples  were  analyzed  by  project  personnel  using  the  dry  sieve  method  as 
a quality  control  measure. 

c.  Breaker  Data.  Breaker  type  was  determined  from  slides  and,  after 
84  hours  in  experiment  71Y-10  and  140  hours  in  experiment  71Y-06,  from 
the  visual  observation  forms.  Breaker  position  data  were  determined  from 
the  logbooks  and  the  visual  observation  forms . 


w. 

1 


Table  A-1.  Summary  of  special  data  collection. 


Time  (hr)  j Limits  (ft) 

B Profile  survey*  Photo  survey 


Experiment  71Y-06 


Not  taken 
-7  to  +23 
-7  to  +23 
—7  to  +25 
-9  to  +25 
-13  to  +31 
-14  to  +31 
-14  to  +31 


Experiment  71Y-10 


Not  taken 
-7  to  +26 
—7  to  +26 
-7  to  +26 
-10  to  +29 
-13  to  +29 
-13  to  +29 


Not 

taken 

Not 

taken 

-6.5 

to  +19.0 

-6.5 

to  +19.0 

-5.0 

to  +20.0 

-11.0 

to  +21.0 

-13.5 

to  +21.0 

-13.5 

to  +21.0 

Not 

taken 

-6.5 

to 

+12.0 

-6.5 

to 

+14.5 

-6.5 

to 

+14.5 

-7.5 

to 

+20.0 

-10.5 

to 

+21.0 

-10.5 

to 

+21.0 

Sand  sample^ 


-6  to  +22 
— 6 to  + 24 
—5  to  +23 
-7  to  +19 
-9  to  +21 
-9  to  +21 
—13  to  +25 
—13  to  +25 


Not  taken 
—6  to  +20 
-6  to  +20 
-6  to  +20 
-8  to  +24 
-8  to  +24 
-10  to  +24 


* Elevation  measurements  at  0.5-foot  intervals  between  the  given 
stations  along  ranges  0.5  foot  apart. 

^Samples  collected  at  2-foot  intervals  between  given  limits  along 
ranges  1 foot  either  side  of  centerline. 


Table  A-2.  Reflection  coeffieienta  by  automated  method  lor  experimenta  71Y-06  and  71Y-10. 


Time  (hr)  Movable  bed  Fixed  bed 
Experiment  71Y-06 


Movable  bed 


Experiment  71Y-10 


* Fixed  bed  in  experiment  71Y-10  not  analyzed  by  this  method. 

^Not  analyzed  by  this  method. 

^Standing  wavelength  15.70  feet;  standing  wavelength  was  7.0  feet  at  all  other  times. 
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Time  (hrs) 

Figure  A-2.  Conqparison  of  manual  and  automated  reflection  coefficients 
experiment  71Y-06. 
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